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ABSTRACT
The morphology of the lingual apparatus of three
species of sandgrouse (Aves; Pteroclidae) has been
described.

All biomechanically important parts were

included in the description, i.e., all muscles potentially
involved in the functioning of the lingual apparatus, all
skeletal parts, the salivary glands associated with the
lingual apparatus, and the surface morphology of the
oropharyngeal cavity.

For each muscle its potential

functions have been described.
In a comparison with data from the literature of three
other groups of birds it was found that the functional
organization of the lingual apparatus of the sandgrouse is
strikingly similar to the one found in plovers and pigeons.
However, the functional organization in the chicken differs
in several fundamental aspects from that in the other
groups. These differences concern particularly those
muscles involved in raising the intermandibular region.

In

the chicken, the M. intermandibularis and M. constrictor
colli intermandibularis are connected to each other via a
midventral raphe and thereby form a functional unit that
raises the intermandibular region.

The M. serpihyoideus

extends deep to these two muscles and attaches to the
basibranchial, thereby becoming a tongue retractor.
sandgrouse, pigeons, and plovers, however, the M.
intermandibularis is connected via a raphe to the M.
xv

In the

serpihyoideus whereas the M. constrictor colli
intermandibularis remains separate.

In these three groups,

the M. serpihyoideus is not a tongue retractor, because it
has no attachment to the hyoid apparatus.
In several other functional units have the sandgrouse,
the pigeons, and the plovers also a similar organization,
whereas the chicken differs fundamentally.

It is suggested

that the organization of these functional units represent
different functional types.

However, a broader survey over

a larger number of taxa would have to be undertaken to
determine the distribution of these types and to gain an
understanding of their evolution.

xvi

1.

INTRODUCTION

The sandgrouse (Pteroclidae) are a small, well-defined
group of birds, with sixteen species assembled in two
genera.

They resemble medium-sized pigeons in their

general appearance, with short legs, small heads, and
powerful, swift flight combined with the ability for
hovering flight ("Ruttelflug"? Stegmann, 1969).

Their diet

consists mainly of small ripe seeds, but they also feed on
green leaves, buds, other plant parts, and occasionally
even on insects (e.g., Altum, 1863a, 1863b? Bolle, 1863?
Meade-Waldo, 1897? Hoesch and Niethammer, 1940? MackworthPraed and Grant, 1952? Faruqi et al., 1960? Guichard, 1961?
Bump and Bohl, 1964? Christensen and Bohl, 1964?
Meinertzhagen, 1964? Dementiev and Gladkov, 1968? Maclean,
1968, 1974, 1985a? Ali and Ripley, 1969? Ferguson-Lees,
1969, Ferguson-Lees and Sharrock, 1969? George, 1969, 1970?
Stegmann, 1969? Frisch, 1970? Kalchreuter, 1976? Glutz von
Blotzheim, 1977? Dixon, 1978, Dixon and Louw, 1978? Thomas,
1984a, 1984b? Cramp, 1985? Urban et al., 1986).

The

cryptic coloration of sandgrouse matches that of their
habitats, the deserts and semi-deserts of Africa including
Madagascar, the Near-East and India and the arid steppes of
the Palaearctic including the Himalaya (e.g., Hue and
Etchecopar, 1957).
Several remarkable adaptations of the sandgrouse to
their extreme environments have received recurring

attention.

The male carries water to the young in its

specialized breast feathers (e.g., Meade-Waldo, 1896, 1906,
1921; St. Quintin, 1905; Marchant, 1961, 1962; Cade and
Maclean, 1967; Frisch, 1970, George, 1970; Maclean, 1970,
1974, 1983; Joubert and Maclean, 1973; Thomas and Robin,
1977; Thomas, 1984b).

The adults themselves rely on water

holes, to which they usually undertake daily flights,
sometimes travelling as far as 50 miles one way.
Sandgrouse can drink with their bills immersed, as can
pigeons (among other groups)

(e.g., Evans, 1909;

Schonholzer, 1959; Cade, 1965; Cade and Maclean, 1967;
Maclean, 1968, 1984a; Frisch, 1969).

The ability of

sandgrouse to endure the great heat of their environment
has been subject to several physiological and behavioral
studies (e.g., Thomas and Robin, 1977; Thomas, 1982, 1984a;
Maclean, 1985b; Hinsley, 1992).

Besides all of this, the

systematic position of the group has drawn wide attention
and is still subject to a ongoing controversy.

Some of the

earlier investigators (e.g., Gray, 1844-1849; Bonaparte,
1853; Altum, 1863a; Lilljeborg, 1866; Huxley, 1867;
Reichenow, 1913-1914; Waterson, 1928) were especially
struck by certain grouse-like characters in the Pteroclidae
and linked the sandgrouse to various members of that
"grouse-like" assemblage.

The majority of researchers

(e.g., Nitzsch, 1866; Garrod, 1874; Gadow, 1882, 1891;
Furbringer, 1888; Goodchild, 1891; Beddard, 1898; Mitchell,

1901; Chandler, 1916; Lowe, 1923; Niethammer, 1934; Peters,
1937; Mayr and Amadon, 1951; Hue and Etchecopar, 1957;
Verheyen, 1961; Stegmann, 1968, 1969, 1978; Olson, 1970;
Dorka, 1973; Cracraft, 1981), however, included them as a
subgroup of the Columbiformes.

Although these authors

noticed that the sandgrouse show some features that were
usually attributed to the Charadriiformes, it was only
since the 1960's that the idea that the sandgrouse should
be considered a subgroup of this order gained strong
support (Goodchild, 1886; Sclater, 1924; Goodwin, 1965;
Cade et al., 1966; Cade and Maclean, 1967; Maclean, 1967,
1968, 1969, 1984b; Gatter, 1971; Sibley and Ahlquist, 1972;
Fjeldsa, 1976, 1977; Glutz von Blotzheim, 1977; Sibley et
al., 1988).

Still other authors put the sandgrouse in an

intermediate position either between the Columbiformes and
Charadriiformes (Hartert, 1922; Stresemann, 1927-34; Vouus,
1973; Glutz von Blotzheim, 1975; Maclean, 1985b) or between
the Columbiformes and Galliformes (Huxley, 1868; Elliot,
1878; Bogdanow, 1881; Elliot, 1885; Seebohm, 1888;
Shufeldt, 1901; Verheyen, 1958).

Despite of all the

efforts to solve this problem, the controversy persists.
In general, the avian feeding apparatus, consisting of
several different components, rarely has been described in
a comprehensive way.

However, there are numerous studies

in which certain parts of this apparatus are mentioned in
more or less detail.

For the Pteroclidae, some superficial information on
the bony elements of the bill were described by Shufeldt
(1901), Stegmann (1968, 1969) and Fjeldsa (1976).

On the

subject of the tongue, there exists only one remark by
Fjeldsa (1976) that "tongue and hyoid apparatus ... have
similar distribution of bone and cartilage ... in plovers,
cursors, sandgrouses [sic] and doves".

This quotation

reflects rather accurately the level of our current
knowledge on the feeding apparatus of the sandgrouse.
A thorough description of the lingual apparatus of the
sandgrouse is warranted for several reasons: first, because
there are data available on the lingual apparatus of those
groups considered to be closely related to the sandgrouse,
a description of the sandgrouse would open the opportunity
of a comparison among all of the groups.

This would also

broaden our understanding of the usefulness and limits of
the lingual apparatus for systematic analyses.

Secondly,

because our current knowledge on the avian lingual
apparatus is patchy at best, and detailed, comprehensive
studies are rare, every additional study contributes
significantly to the body of data on this system.

2. MATERIAL AND METHODS
The specimens studied were one adult male Pterocles
namaoua (TM 61732), one adult male Pterocles gutturalis (TM
73578 and one adult male Pterocles decoratus (LSUMNS
151978).

The specimens of Pt. namaqua and Pt. gutturalis

were obtained from the Transvaal-Museum (TM), Pretoria,
RSA, and were collected in Cape- and Transvaal-District,
respectively.

The specimen of Pt. decoratus was obtained

from the Museum of Natural Science, Louisiana State
University (LSUMNS), and was collected in Tanzania.

The

specimens from the Transvaal-Museum were injected with a 4%
formalin and a 70% glycerine solution into the body cavity
and major muscles.

Then, the specimens were kept for two

days in 10% ethanol and finally stored in 70% ethanol.
After the material was received by the LSUMNS, it was
preserved for one month in 10% formalin.

After one day of

rinsing in running tap water, it was stored in 2%
phenoxyethanol.

The specimen from LSUMNS was preserved in

the field with a 4% formalin solution and then stored in 70
% ethanol.

During the period of dissection, the specimen

was kept in 2% phenoxyethanol.

In addition, skeletal

material of Pt. decoratus (LSUMNS 28004) and Pt. bicinctus
(LSUMNS 82682) was available for further comparisons.
The dissections were performed either under a Wild M3
stereomicroscope with a Volpi Intralux 6000 cold-light
source with fiber optic equipment and polarizing filter, or

under an Olympus SZH stereomicroscope with an Olympus
highlight 3000 cold-light source with fiber optic
equipment.

In order to improve the contrast between

muscles and surrounding tissue, an iodine staining solution
(Bock & Shear, 1972) was applied to the specimens during
the dissection.
Only those elements of the feeding apparatus that are
significant for the biomechanics of the system were
considered for the dissections and descriptions.

This

means that nerves, sensory organs, and blood vessels, as
long as they do not perform any hydromechanical functions
were not included in the study.
The morphological data were documented with drawings
and detailed descriptions.
the following method:

The drawings were prepared by

The dissections were traced with the

aid of a camera lucida (either Wild or Olympus) to obtain
an outline that was enlarged with either an AM lucygraph
(Figs. 1-5) or a modern photocopier (Figs. 5-34) to cover
an area of 8.5x11 inches (212x275 mm) or 8.5x14 inches
(212x350 mm).

(The usage of a photocopier proved to be

superior over the lucygraph because the state-of-the-art
photocopiers work virtually free of any distortions.
addition, it is faster).

In

The enlarged outline was then

checked for the correctness of the proportions, and the
details were filled in by comparing the specimen under
higher power.

The final pencil drawings were then traced

in ink with technical pens on one-sided frosted mylar
acetate sheets.

The drawings were labelled with the

following method:

The inked drawings were scanned with a

Hewlett-Packard Scan Jet Plus at 300 dpi, edited and
resized in Adobe Photoshop™ vers. 2.0 and labelled in Aldus
SuperPaint™ vers. 3.0, using Macintosh equipment.
The anatomical nomenclature used closely follows that
of the Nomina Anatomica Avium (NAA) (Baumel et al., 1979)
whenever possible.

Only when no name was provided by the

NAA was a new one introduced.

Whether a name is taken from

the NAA or newly introduced is indicated at its first
appearance in the text unless it is the name of an element
described in its own section.

Synonyms are not given

because extensive lists already exist in the NAA and in
some more recent works (e.g., Zweers, 1982a; Homberger,
1986; Homberger and Meyers, 1989).

3.

ANATOMICAL DESCRIPTIONS

The three species studied are described separately in
the following three sections.

Because Pterocles namaoua

was studied most intensely, its description is the most
detailed and all drawings depict the dissections of this
species.

The striking similarities of these three species

in most aspects of their morphology of the lingual
apparatus make it reasonable to give only brief
descriptions for the other two species with emphasis on
their differences from Pterocles namaqua.

Although the

species vary considerably in size (the Pt. gutturalis
weighed 420 g; the Pt. decoratus weighed 192 g; the Pt.
namaoua weighed 190 g), the main differences, particularly
in terms of muscle orientation, are due to differences in
the slenderness of the feeding apparatus in general.

The

ratio of the length to width of the mandible gives a good
impression of that.

The mandible of the Pt. namaqua has a

length of 33 mm and a width of 16 mm (ratio=2.06); the Pt.
decoratus has a length of 29 mm and a width of 17 mm
(ratio=1.7); and the Pt. gutturalis has a length of 40 mm
and a width of 21 mm (ratio=1.9).
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3.1. Description of Pterocles namaoua
3.1.1.

Skeletal elements

3.1.1.1.

Introduction

The avian lingual apparatus is supported by a skeletal
framework, the hyoid apparatus, which consists of several
bony and cartilaginous elements.

The hyoid apparatus

serves as site of attachment for the extrinsic and
intrinsic lingual muscles, as well as for connective tissue
and glands.

The hyoid apparatus consists of an unpaired

entoglossal, an unpaired basibranchial, and a pair of
ceratobranchials and epibranchials, which together are
often referred to as the hyoid horns.

The mandible is

included in the description because it forms the framework
that limits the movements of the lingual apparatus and
provides attachment sites for most of the extrinsic lingual
muscles.

The mandible is only described to the degree

necessary for an understanding of the function of the
lingual apparatus.

3.1.1.2.

Mandibula - mandible

(NAA)

(mand.)

(Figs. 18, 19 & 20)
The mandible consists of the two mandibular rami fused
rostrally at the mandibular symphysis (Symphysis
mandibularis, NAA)

(Fig. 18).

This part (Pars

symphysialis, NAA) comprises approximately one-fourth (23%)
of the total length of each mandibular ramus.

The

mandibular rami are laterally compressed and slightly
tilted so that their dorsal edges are farther apart than
their ventral ones.

At their caudal ends, each mandibular

ramus broadens just caudal to the coronoid process
(Processus coronoideus, NAA) to bear the joint surface of
the articulation with the quadrate bone (Fossa articularis
quadratica, NAA)

(Fig. 18).

Caudomedial to the joint

surface, the medial process of the mandible (Processus
mandibulae medialis, NAA) extends in a mediodorsal
direction (Figs. 18, 19 & 20).

The caudal end of the

mandibular ramus is formed by the retroarticular process
(Processus retroarticularis, NAA).

In a dorsal view, the

retroarticular process forms a narrow caudolateral
extension (Fig. 18); in a lateral view, the retroarticular
process is short and points caudally and slightly ventrally
(Fig. 20).

In a lateral view, with the mandible placed on

a flat surface, each mandibular ramus forms a dorsally
curved arc with the tip of the mandibular symphysis and the
retroarticular process being the lowest points (Figs. 19 &
20).

At midlength, the dorsal edge of the mandibular ramus

bears the mandibular angle (Angulus mandibulae, NAA) and
farther caudally the coronoid process.

Ventral to the

mandibular angle is the Fenestra mandibulae rostralis (NAA)
(Figs. 19 & 20).

It is bordered dorsally by the dorsal

process of the dental bone (Processus dorsalis of Os
dentale, NAA) and ventrally by the splenial bone (Os
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spleniale, NAA).

A caudal mandibular fenestra is not

present in sandgrouse.

3.1.1.3.

Apparatus hyobranchialis - hyoid apparatus

3.1.1.3.1.

Os epibranchiale - epibranchial
epibra.)

(NAA)

(NAA)

(Os

(Figs. 17, 25, 27, 28, 29 & 34)

The Os epibranchiale is a paired, slightly curved,
cone-shaped element that is ossified in its rostral threefifths and cartilaginous in its caudal two-fifths (Fig.
34).

Rostrally, where it articulates with the

ceratobranchial, it has its greatest diameter, being even
wider than the ceratobranchial.

From there it tapers

toward its caudal end, with a slight thickening in the area
of transition from bone to cartilage (Fig. 34).

The caudal

half of the epibranchial provides attachment sites for the
M. branchiomandibularis rostralis et caudalis (Figs. 28 &
29).

At the rostral end, the lateral and ventral surfaces

serve as attachment site for the M. interceratobranchialis
(Figs. 27 & 29).
3.1.1.3.2.

Os ceratobranchiale - ceratobranchial
(Os ceratobra.)

(NAA)

(Figs. 27, 28, 29, & 34)

The paired ceratobranchials are slender, straight,
rod-like bones with an articular surface on both ends (Fig.
34).

For most of their lengths they are of the same

diameter but at both ends they are slightly thicker (Figs.
28, 29, & 34).

The rostral end of each ceratobranchial is
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bent slightly

toward the midline (Figs. 28 & 29)

the articular

surface of the Articulatio

ceratobasibranchialis (NAA).

and bears

The caudal end of the

ceratobranchial is connected to the Os epibranchiale by the
Synchondrosis intracornualis (NAA).

The caudal half of the

ceratobranchial provides attachment sites for the M.
interceratobranchialis and the M. ceratoglossus (Figs. 25,
27, 28 & 29).

The most rostral part serves as attachment

site of the M. stylohyoideus (Figs. 28 & 29).

3.1.1.3.3.

Os basibranchiale rostrale etcaudale
basibranchial

(NAA)

-

(Os basibra.)

(Figs. 25, 28, 29, 32 & 33)
"The rostral and caudal basibranchial bones are
separate in young birds, but fuse to one another in adults"
(Baumel, 1979).

Because no trace of a fusion zone was

observable in the specimens studied, the two basibranchial
bones are here described as one skeletal element.
The caudal part of the basibranchial is spatula
shaped, with its greatest width close to the caudal end
(Fig. 32).

In this region, it is thin, being approximately

seven times as wide as it is thick (Figs. 32 & 33); the
ventral surface is slightly convex and the dorsal surface
flat.

In this caudal part, the center is ossified whereas

the margin is cartilaginous, the width of which is greatest
caudally (Fig. 32).

The ossified center has small non

ossified "holes” filled with cartilage.

This caudal part

of the basibranchial does not bear any muscle attachment
site.

Farther rostrally, its cross section becomes more

round as the thickness increases while the width decreases.
Rostral to the midpoint of the entire basibranchial, the
articular surface of the Articulatio ceratobasibranchialis
(NAA) is located on the lateral surface of the element.
The caudal margin of the articular surface faces laterally
and is not set off from the adjacent area of the
basibranchial, but rather forms a smooth continuation of
its lateral surface (Fig. 32).

The rostral half of the

articular surface faces caudolaterally so that a lip-like
process forms its rostral margin.

Rostral to the

articulation with the ceratobranchial, the basibranchial
becomes slightly laterally compressed, with the ventral
ridge being more rounded than the dorsal one.

At its

rostral end, the basibranchial increases in height and
slightly in width where it bears the joint surface for the
Articulatio entoglosso-basibranchialis (NAA)
33).

(Figs. 32 &

The joint is a saddle-joint that is concave in the

longitudinal, and convex in the transverse, direction.

The

ventral part of this articulation is supported by a rostral
extension of the basibranchial that narrows rostrally
toward its rounded end (Fig. 31).

The dorsal surface of

basibranchial just caudal to the articulation forms a
round, more-or-less flat surface (Fig. 30).

The
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arytenoglossal ligaments of both sides attach medially to
the caudal margin of this round surface (Fig. 25).

The

lateral surface of the rostral half of the basibranchial
serves as attachment site for the M. stylohyoideus and the
M. cricohyoideus (Figs. 28 & 29); the ventral surface
serves as attachment site for a slip of the M.
tracheolateralis, which attaches just rostrally (on the
right side) and just caudally (on the left side) to the
Arte, ceratobasibranchialis (Fig. 29).

3.1.1.3.4.

Os entoglossum - entoglossal
entogl.)

(NAA)

(Os

(Figs. 28, 29, 30 & 31)

The entoglossal is roughly lanceolate, with the
rostral three-fifths cartilaginous and the caudal twofifths ossified (Figs. 30 & 31).

The caudal, ossified part

consists of two contralateral halves that are in contact
with each other in the midline at their rostral ends but
that diverge caudally.

At approximately their midlengths,

they are fused to each other by a bony bridge, called the
isthmus (NAA), which bears the joint surface of the Arte,
entoglosso-basibranchialis (Fig. 30).

The parts caudal to

the isthmus are referred to as cornuae (NAA).

Each cornua

is laterally compressed and slightly tilted so that its
dorsal edge is closer to the midline than the ventral one.
The medial surface of each cornua is therefore directed
medioventrally, and it serves as attachment site for the M.
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hypoglossus obliquus (Fig. 29).

On the ventral edge of a

cornua at about its midlength is the attachment site of the
M. genioglossus.

The bony isthmus bears on its caudal,

ventral and rostral faces the articular surface of the
Articulatio entoglosso-basibranchialis.

At the level of

the joint surface, the narrow ventral edge of the cornua is
broadened and serves as the attachment site for the strong
tendon of the M. ceratoglossus (Fig. 29).

Rostral to the

joint surface, along the medioventral surface of each
contralateral half of the entoglossal, the muscle fibers of
the M. hypoglossus rostralis originate (Fig. 29).

At their

rostral end, where they fuse with the rostral,
cartilaginous part of the entoglossal, the two
contralateral halves of the caudal ossified part are almost
round in cross section.

The

cartilaginous part forms a

rostral continuation of the ossified part, so that at the
caudal end it consists of two round rods that are fused
medially and that gradually become a single, oval element
farther rostrally.

The dorsal side of this element,

however, is almost flat while the ventral side is rounded.
The ventral surface of the rostral tip of this
cartilaginous part serves as attachment site for the tendon
of the M. hypoglossus rostralis.

In a lateral view, the

cartilaginous part of the entoglossal is slightly curved,
with the rostral half being dorsally convex and the caudal
half dorsally concave (Fig. 31).

The perichondrium of the
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cartilaginous part of the Os entoglossum consists of a
remarkably strong layer of fibrous connective tissue.

3.1.1.4.

Arthrologia of Apparatus hyobranchialis

3.1.1.4.1.

Articulatio entoglosso-basibranchialis (NAA)

The articulation between the entoglossal and the
basibranchial is a diarthrosis (Junctura synovialis, NAA)
and the type is a saddle joint (Articulatio sellaris, NAA).
The articular surface on the basibranchial is saddle
shaped, being convex in the transverse plane (Fig. 30) and
concave in the longitudinal plane (Fig. 31).

In a lateral

view, the concave outline describes one quarter of a full
circle, with the caudal part of the articular surface
facing rostrally and the rostral part facing dorsally (Fig.
31).

The lateral margins of the articular surface are a

smooth continuation of the lateral surface of the
basibranchial.

The articular surface on the entoglossal is

also saddle-shaped but with the convexity in the
longitudinal axis and the concavity in the transverse axis
in order to complement the shape of the basibranchial.

The

articular surface occupies the caudal, ventral and rostral
sides of the isthmus of the entoglossal.

The articular

capsule does not appear to be particularly strong and it is
not reinforced by any articular ligaments.

When the

muscles are removed, the entoglossal can be moved in the
sagittal plane for approximately 75 degrees.

In its most
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extended position, the entoglossal is almost in a
horizontal line with the basibranchial.

The lateral

movements are much more restricted, being only
approximately 5-10 degrees to either side.

3.1.1.4.2.

Articulatio ceratobasibranchialis

The articulation between the basibranchial and the
ceratobranchial is a diarthrosis.

The articular surface on

the basibranchial is a shallow elliptical groove with the
long, vertical axis slightly slanted from caudodorsally to
ventrorostrally (Fig. 33).

The caudal part of the

articular surface is a smooth continuation of the lateral
surface of the basibranchial; the rostral part of the
articular surface faces laterocaudally (Fig. 32).

The

articular surface on the ceratobranchial is convex and
slightly oval facing mediorostrally (Fig. 34).

The

articular capsule is heavily reinforced with fibrous
connective tissue on its dorsal, rostrolateral and ventral
sides.

Because of the shape of the articular surfaces and

the strong articular capsule, the ceratobranchial can be
moved relative to the basibranchial in a mostly lateral,
and only slightly dorsal, direction.

The caudal end of the

ceratobranchial cannot be swung toward the midline beyond
an angle of 40-45 degrees because of the reinforced rostral
side of the articular capsule.
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3.1.1.4.3.

Synchondrosis intracornualis (NAA)

The articulation between the ceratobranchial and the
epibranchial is a synchondrosis.

The articular capsule is

heavily reinforced with fibrous connective tissue on its
lateral, medial and caudal sides, and less so on its
rostral side.

Without any external forces acting on it,

the epibranchial forms a smooth continuation of the
curvature of the ceratobranchial (Fig. 34).

From this

position, the epibranchial cannot be bent laterally or
medially, owing to the reinforced articular capsule, but it
can be bent caudoventrally and rostrodorsally to a small
degree (approximately 10 degrees in each direction).

3.1.2.

Musculature

3.1.2.1.

Introduction

The muscles associated with the lingual apparatus can
be divided into two functional groups —
intrinsic lingual muscles.

extrinsic and

Extrinsic lingual muscles have

an effect on the position of the lingual apparatus relative
to its surrounding (usually with the mandible taken as the
frame of reference); intrinsic lingual muscles have an
effect on the position of the individual elements of the
lingual apparatus relative to each other.
The descriptions follow partly a format used by
Homberger (1986) in which a brief diagnosis is given,
followed by a detailed account on the origin and insertion,
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and a general description of the course, the muscle fiber
arrangements, the relationships to surrounding structures,
and the articulations it affects.

This is followed by a

statement on the functions of the muscle, and a listing of
the muscles acting as its antagonists and synergists.

3.1.2.2.

M. constrictor colli

(M. constr. colli)

(NAA)

Diagnosis:
The M. constr. colli is the most superficial
muscle of the neck, which it envelops like a sleeve.
Two parts can be distinguished; a caudal part, called
here M. constrictor colli pars cervicalis (called M.
constr. colli in NAA), and a rostral part, called M.
constrictor colli pars intermandibularis (NAA).
A:

M. constrictor colli pars cervicalis

(Figs. 1, 2, 3, 4

& 5)
Diagnosis:

This part of the muscle extends from the

caudal part of the head to the cranial part of the
shoulder region and crop.

The muscle fiber bundles

are circularly arranged, without any direct attachment
to skeletal elements.
Origin and Insertion:

Along the midventral line, the

muscle fiber bundles of the M. constr. colli cerv.
attach in two different ways: they either merge with
the ones of the contralateral half of the muscle, as
in the cranial one-fifth of the muscle, i.e., the

cranial portion of the M. constr. colli cerv.

(Figs. 3

& 5); or they attach to the ventral aponeurosis, as in
the region of the neck and cranial part of the crop,
i.e., the caudal portion of the muscle (Fig. 3).
Along the middorsal line, the muscle fiber bundles of
the M. constr. colli cerv. attach in two different
ways: they either attach to the dorsal aponeurosis, as
in the cranial one-fifth of the muscle on the
dorsocaudal surface of the skull, i.e., the cranial
portion of the muscle (Fig. 1); or the muscle fiber
bundles merge with the ones of the contralateral half
of the muscle, as in the caudal four-fifths of the
muscle along the dorsal surface of the neck down to
the shoulder region, i.e., caudal portion of the
muscle (Fig. 1).
Description:

The M. constr. colli cerv., a thin,

sheet-like muscle, is the most superficial muscle of
the neck.

Its muscle fiber bundles parallel or partly

overlap one another.

This arrangement can be seen

readily at 4x magnification.
For descriptive purposes, the muscle can be
divided into a cranial portion, where the muscle fiber
bundles attach to the dorsal aponeurosis, and a caudal
portion, where the muscle fiber bundles attach to the
ventral aponeurosis (Figs. 1, 3 & 4).

Between the

cranial and caudal portion, three muscle fiber bundles
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attach to the ventral as well as to the dorsal
aponeurosis.
In the cranial portion, the muscle fiber bundles
undulate where they pass over the trachea and
esophagus (Fig. 4).

They become straightened when the

esophagus is artificially inflated (see methods).
Midventrally, the muscle fiber bundles of the two
contralateral halves are continuous without a visible
connective tissue intersection (Fig. 4).

Laterally,

the muscle fiber bundles pass from the caudolateral
onto the caudodorsal side of the skull, with the most
cranial bundle passing approximately 1 mm caudal to
the external ear opening (Figs. 2 & 4).

On the

caudodorsal surface of the skull, slightly lateral to
where the muscle fiber bundles attach to the dorsal
aponeurosis, the muscle fiber bundles fan out and the
gaps between them disappear so that here the muscle
consists of a solid sheet of evenly spaced muscle
fiber bundles.

The muscle fiber bundles attach to the

dorsal aponeurosis along an oblique line that is
oriented from caudomedial to rostrolateral (Fig. 1).
The dorsal aponeurosis is a translucent connective
tissue sheet without any visible texture or fibers
apparent at 16x magnification.
At the level of the caudodorsal corner of the
external ear opening, the muscle fiber bundles of the
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cranial portion of the M. constr. colli cerv. overlap
one another in such a way that the cranial border of a
muscle fiber bundle is visible, whereas its caudal
border is covered by the caudally adjacent muscle
fiber bundle.

The extent of overlap is greatest at

the level of the dorsal corner of the external ear
opening, and here it is greatest among the most
cranial muscle fiber bundles.

This gives the

impression that the muscle fiber bundles become
narrower in this region (Fig. 4).
At the cranial border of this cranial portion are
two muscle fiber bundles that will be described
separately.

Medioventrally, one of them lies

superficial to the caudally adjacent muscle fiber
bundles of the M. constr. colli cerv., whereas the
other extends along the cranial border.

Farther

laterally, both of the muscle fiber bundles extend
along the cranial border for a short distance and then
pass deep to the other muscle fiber bundles of the M.
constr. colli cerv. (Figs. 4 & 5).

The two muscle

fiber bundles become aponeurotic at the level of the
ventral corner of the external ear opening.
In the caudal portion of the M. constr. colli
cerv., all muscle fiber bundles attach ventrally to
the ventral aponeurosis and merge middorsally with the
muscle fiber bundles of the contralateral half of the

muscle without a visible connective tissue
intersection (Figs. 1 & 3).

Along the attachment to

the ventral aponeurosis, the muscle fiber bundles fan
out and the narrow gaps between them disappear so that
the muscle consists of a continuous sheet of muscle
fiber bundles; this is the same manner by which the
muscle fibers bundles of the cranial portion attach to
the dorsal aponeurosis (see above).

The muscle fiber

bundles are, in general, circularly oriented, and they
attach to the ventral aponeurosis in a more-or-less
transverse orientation (besides the ones at the very
caudal end, see below)

(Fig. 3).

Toward the lateral

side of the neck, the muscle fiber bundles extend in
an oblique orientation from caudoventral to
craniodorsal, with the most caudal muscle fiber
bundles being the most oblique ones (Fig. 2).

On the

dorsal side of the neck, the muscle fiber bundles
resume their approximately transverse orientation
(Fig. 1).

The most caudal muscle fiber bundles are

obliquely oriented close to their attachment to the
aponeurosis (Figs. 2 & 3).

They assume a transverse

orientation along their course over the surface of the
crop.
Due to the artificial inflation of the crop (see
methods), the entire shape and extent of the ventral
aponeurosis cannot be seen in the drawings.

The
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ventral aponeurosis has a pointed cranial end from
where it widens sharply (Figs. 3 & 5); 5 mm caudal to
the cranial tip it is 3.5 mm wide.

The ventral

aponeurosis reaches its greatest width of 6 mm at
approximately half of its length, which is 30 mm
caudal to its cranial tip (in Fig. 3, this is the
point where the ventral aponeurosis becomes covered by
the inflated crop).

Caudal to this point, the ventral

aponeurosis becomes narrower again as it extends onto
the cranial part of the crop (mostly not to be seen in
Fig. 3) and forms an angle similar to the one at the
cranial end (Fig. 3).

The most caudal part of the

aponeurosis is triangular as it widens sharply toward
the caudal end of the muscle (Fig. 3).
Even though the muscle fiber bundles do not have
any direct connection to bony skeletal elements, the
muscle as a whole is held in place by a fascia that
invests the muscle and extends beyond the cranial and
caudal borders of the muscle, where it is secured to
surrounding structures.

In addition, the skin and its

accessory structures, such as feather papillae,
feather muscles, and structural fat, are connected to
the epimysium that covers the external surface of the
M. constr. colli cerv..

In particular, the tips of

the feather papillae are tightly attached by
connective tissue strands, which makes it at times

very difficult to separate the feather papillae from
the muscle.

The epimysium of the internal surface of

the M. constr. colli cerv. is attached to the epimysia
of the various parts of the M. cucullaris and to other
connective tissue layers.

The connection is

particularly tight along the ventral border of the M.
cucullaris, especially along the lateral side of the
neck, where the M. sternohyoideus parallels the
ventral border of the M. cucullaris capitis (Fig. 10).
Articulations:

This part of the muscle does not

affect directly any articulations due to the
arrangement of its muscle fiber bundles, which do not
attach to any skeletal element.
Functions;

Two potential functions of the M. constr.

colli cerv. are discussed here.

The first is deduced

from its close connection to the skin.

Due to this

connection, the M. constr. colli cerv. can tighten the
skin around the neck and the cranial part of the crop
in the direction of the muscle fiber bundles after it
has been stretched.

The second function is related to

the course of the M. sternohyoideus and the M.
cucullaris capitis.

These muscles extend from the

pectoral region along the neck to either the lingual
apparatus (M. sternohyoideus) or the skull (M.
cucullaris).

When the neck is bent, those muscle

fiber bundles on the concave side of the curvature of

the neck would be pulled away from the neck upon
contraction without exerting force on the sites of
attachment.

As the M. constr. colli cerv. forms a

sleeve around the neck including these two muscles, it
can function as a guiding structure that holds them
along the concave curvatures of the neck.

In addition

to this guiding function along the neck, it is of
particular importance for redirecting the M.
sternohyoideus in the gular region.

Unless the joint

between the head and neck is extremely extended (as it
is in Figs. 2, 4, 10 & 12), the longitudinal axis of
the mandible lies at an angle to the longitudinal axis
of the neck.

The most rostral part of the M.

sternohyoideus extends through the sling formed by the
most rostral muscle fiber bundles of the M. constr.
colli cerv. and from there caudally along the ventral
side of the neck.

For the M. sternohyoideus to pull

the lingual apparatus caudally (with reference to the
longitudinal axis of the mandible), the M. constr.
colli cerv. is necessary as a guiding structure to
redirect the course of the M. sternohyoideus.

(The M.

constr. colli pars intermandibularis serves as a
rostral extension of this guiding structure formed by
the M. constr. colli cerv.)
Antagonists:

There is no direct antagonist to the M.

constr. colli cerv.

However, the lengthening of the
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muscle fiber bundles of the M. constr. colli cerv. and
the stretching of the skin can occur when the muscle
fiber bundles of the M. sternohyoideus and M.
cucullaris capitis contract and pull away from the
neck at the concave curvatures (see description
above).

In addition, the swallowing process with the

expansion of the esophagus and crop can contribute to
the distension of the M. constr. colli cerv. and the
skin.
Synergists:
B:

None.

M. constrictor colli pars intermandibularis
constr. colli interm.)
Diagnosis:

(M.

(Figs. 10, 11, 12, 19 & 20)

The muscle fibers of this part of the

muscle originate from the retroarticular process of
the mandible and extend transversely toward the
midventral line, where the muscle fiber bundles of the
two contralateral halves merge with one another (Figs.
10, 11 & 12).

This part forms a rostral continuation

of the ventral half of the cervical part of the
muscle.
Origin and Insertion:

The M. constr. colli interm,

has a fleshy origin on the dorsocaudal edge of the
lateral surface of the retroarticular process of the
mandible (Fig. 20). In addition, some muscle fiber
bundles attach from the dense, fibrous connective
tissue that covers the lateral surface of the M.

depressor mandibulae near its origin.

The site of

origin is bounded rostrally by the origin of the M.
serpihyoideus (Fig. 20).

In the midventral line, the

muscle fiber bundles of the two contralateral halves
merge without any visible connective tissue
intersection (Fig. 11).
Description:

The thin, paired, slightly fan-shaped M.

constr. colli interm, lies just rostral to the ventral
half of the M. constrictor colli cervicalis.

From

their origin on the mandible, the muscle fiber bundles
extend in a transverse direction toward the midventral
line, where they merge with the muscle fiber bundles
of the contralateral half (Figs. 10, 11 & 12).

This

way the M. constr. colli interm, forms a sling that
supports the structures in the caudal part of the
intermandibular region, such as the rostral parts of
the trachea and esophagus, the hyoid horns with its
musculature and the M. sternohyoideus.

The muscle

fiber bundles diverge slightly so that the muscle is
approximately three times as wide midventrally as it
is at its origin.

The rostral border of the M.

constr. colli interm, parallels the caudal border of
the M. serpihyoideus over the entire lengths of these
two muscles (Fig. 11).

The caudal border of the M.

constr. colli intermand. parallels the cranial border
of the ventral half of the M. constrictor colli pars

cervicalis.

The epimysium of the external surface of

the M. constr. colli interm. is loosely connected to
the overlying connective tissue sheet.

The epimysium

of the internal surface is loosely connected to the
connective tissue that covers the M. sternohyoideus.
Articulations;

Due to its attachment sites, the M.

constr. colli interm. has no direct effect on any
articulation.
Functions:

The M. constr. colli interm. can elevate

the structures that lie dorsal to it in the most
caudal part of the intermandibular region.

It also

serves as part of the guiding construction for the M.
sternohyoideus through which that muscle is redirected
from the orientation it has along the neck to the
orientation it has in the intermandibular region (see
function of M. constrictor colli pars cervicalis and
of M. sternohyoideus).
Antagonists:

No direct muscular antagonist is

present, but the lingual apparatus can be pulled
ventrally by the action of the M. sternohyoideus (see
discussion for that muscle); the caudal part of the
mouth cavity can also be pushed ventrally by the food
item during the swallowing process.
Synergists:

None.

3.1.2.3.

M. cucullaris

(M. cucull.)

(NAA)

Diagnosis:
Two main portions can be distinguished, the M.
cucullaris capitis (NAA) (M. cucull. cap.) and the M.
cucullaris cervicis (NAA)

(M. cucull. cerv.).

The M.

cucull. cap. is a ribbon-like muscle that extends from
the caudal rim of the Margo supraorbitalis (NAA) of
the skull to the pectoral region, and it lies deep to
the M. constrictor colli pars cervicalis.

The M.

cucull. cerv. extends from a middorsal aponeurosis in
the caudal part of the neck over the caudodorsal part
of the crop onto the surface of the M. pectoralis.
A:

M. cucullaris capitis (M. cucull. cap.)

(Figs. 6,

7, 8, 9, 10, 11, 12 & 26)
Diagnosis:

The M. cucull. cap. is that part of the

muscle that inserts on the caudal rim of the Margo
supraorbitalis.

The M. cucull. cap. has two separate

caudal heads, namely a ventral head, called pars
clavicularis, and a dorsal head, called pars
propatagialis.
Origin and Insertion:

The pars clavicularis of the M.

cucull. cap. originates from a connective tissue sheet
that overlies the cranial part of the M. pectoralis
(Figs. 8, 9 & 10) .

This connective tissue sheet

fuses with an overlying and an underlying connective
tissue sheet approximately 5 mm caudal to the

attachment of the muscle fiber bundles.

These fused

connective tissue layers are movably anchored to the
surface of the pectoral muscle, and they are tightly
connected to the overlying skin.

The pars

propatagialis originates approximately 20 mm cranial
to the mediocranial angle of the propatagium from a
short aponeurosis attached to the overlying connective
tissue sheet (Figs. 8 & 10).

The M. cucull. cap. has

a fleshy insertion on the Margo supraorbitalis of the
skull just dorsal to the Processus postorbitalis (NAA)
(Figs. 10 & 12).
Description:

The M. cucull. cap. is a paired, thin,

ribbon-like muscle, and the muscle fiber bundles
extend, except for the most cranial part (see below),
parallel to one another.

The muscle extends from the

surface of the pectoral muscle across the
ventrolateral surface of the crop along the dorsal and
lateral surfaces of the neck to the postorbital region
of the skull (Figs. 6, 7, 8 & 9).
At its insertion on the Margo supraorbitalis, the
muscle is approximately 3.5 mm wide and consists of
two layers of muscle fiber bundles with different
fiber directions (Fig. 26).

Both layers fan out from

their insertion, with the muscle fiber bundles of the
superficial layer covering the dorsocaudal, and the
ones of the deep layer covering the laterocaudal,
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surface of the skull.

Caudal to the skull, the two

layers form one single layer as the most ventral
muscle fiber bundles of the superficial layer come to
lie beside the most dorsal ones of the deep layer.
The most dorsal muscle fiber bundles of the M.
cucull. cap. extend from their insertion toward the
middorsal line on the dorsocaudal surface of the skull
(Fig. 6) and, 1-2 mm before they reach the middorsal
line, these bundles assume a transverse orientation
like the overlying muscle fiber bundles of the M.
constrictor colli pars cervicalis (compare Fig. 6 with
Fig. 1).

These most dorsal muscle fiber bundles of

the two contralateral halves of the M. cucull. cap.
are not continuous with each other, even where they
contact and overlap one another, but become
aponeurotic near the middorsal line (Fig. 6).

The

next few, caudally adjacent muscle fiber bundles also
become aponeurotic at the middorsal line, but they
extend in a more longitudinal direction (Fig. 6).
Caudal to the skull, all the muscle fiber bundles of
the M. cucull. cap. continue longitudinally along the
neck all the way to the origin in the pectoral region
(Figs. 6, 7 & 8).

In the cranial two-thirds of the

neck, the dorsomedial borders of the two contralateral
halves of the M. cucull. cap. parallel each other so
that no space between them is apparent (Figs. 6 & 7).

The most ventral muscle fiber bundles of the M.
cucull. cap. extend from their insertion over the
lateral surface of the skull in a caudoventral
direction, first dorsal and then caudal to the
external ear opening.

At the laterocaudal surface of

the head, the muscle fiber bundles extend over the
most dorsal part of the M. depressor mandibulae and
the distal end of the hyoid horn before they turn
longitudinally and extend along the lateral surface of
the neck (Figs. 10 & 12).

The ventral border of the

M. cucull. cap. converges toward the dorsolateral
border of the M. sternohyoideus, which it meets
approximately 25 mm caudal to the origin of the M.
cucull. cap. (Figs. 10 & 12).

From there on, the

borders of these two muscles parallel each other for
the entire remaining length of the M. cucull. cap.
down to its origin (Fig. 10).

Along the course of the

neck and cranial part of the crop, a narrow gap (less
than 1 mm) remains between the two borders (Fig. 8),
with several nerves emerging through this gap from
deeper regions.

Overlying the caudal part of the

crop, the gap tapers and the two muscles form a solid
sheet of muscle fiber bundles with no apparent
borderline between them (Figs. 8 & 9).
The ventral head, or pars clavicularis of the M.
cucull. cap., changes its fiber direction in the

caudal one-third of the neck as it turns onto the
lateroventral surface of the crop.

The fibers on the

dorsal border turn away from the middorsal line and
assume an almost transverse orientation where they
meet the M. cucullaris cervicis and follow the
cranioventral border of this muscle (Fig. 7).

At the

point where the ventral head passes over the cranial
surface of the crop, the ventral head has its smallest
width of 8 mm, but from there the muscle fiber bundles
diverge to a width of 21 mm at the origin.

The muscle

fiber bundles of the pars clavicularis originate from
a connective tissue sheet with the muscle fiber
bundles of the ventral three-fourths attaching along
an almost transverse line, in contrast to the
remaining dorsalmost muscle fiber bundles, which
originate from this connective tissue sheet at various
distances more cranially (Figs. 8 & 9).
The dorsal head, or pars propatagialis of the M.
cucull. cap., is most easily distinguishable from the
ventral head in the region of the crop, because there
the muscle fiber bundles of the two heads extend
almost perpendicularly to one another (Fig. 8).

The

pars propatagialis extends superficially to the
ventral head as well as the M. cucullaris cervicis.
The muscle fiber bundles of the pars propatagialis
form a band only 1 mm wide but diverge slightly toward

their origin (Figs. 7 & 8).

Farther cranially, along

the caudal half of the neck, the pars propatagialis
increasingly extends in the same orientation as the
ventral head, with the pars propatagialis extending
only slightly dorsal (approximately 1 mm) to the
ventral border of the ventral head (Fig. 8).

At

approximately midpoint of the neck, the two heads
cannot be distinguished any longer.
The epimysium of the external surface of the M.
cucull. cap. is tightly attached to the epimysium of
the internal surface of the overlying M. constrictor
colli pars cervicalis and, cranial and caudal to the
extent of this muscle, to the connective tissue sheets
that extend beyond the borders of this muscle.

The

connection is particularly strong along the ventral
border of the M. cucull. cap. in the area where this
border parallels the border of the M. sternohyoideus.
The epimysium of the internal surface lies against the
connective tissue that covers the deeper structures of
the neck, such as the musculature associated with the
vertebral column, the hyoid horns, the trachea, and
the esophagus.

The dorsal borders of the two

contralateral halves are connected to each other by a
connective tissue sheet (Figs. 6 & 7).
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Articulations:

This muscle has an effect on the

articulation between the skull and the atlas and the
intervertebral articulations.
Functions;

Due to its attachment on the skull, the

muscle can pull the head, and subsequently the neck,
laterally.

However, the close connection of the M.

cucull. cap. to the overlying M. constrictor colli
pars cervicalis and, therefore, to the skin suggests
that another potential function is the tightening of
the skin and of the M. constrictor colli pars
cervicalis along the neck and over the crop in a
longitudinal direction.
Antagonists;

The stretching of the skin, and thereby

of the M. cucull. along its fiber direction, is a
possible side effect of the movements of the head and
neck, as well as, to a lesser extent, the swallowing
process with its subsequent expansion of the esophagus
and the crop.
Synergists:

None.

B: M. cucullaris cervicis

(M. cucull. cerv.)

(Figs. 7,

8, 9 & 10)
Diagnosis:

The M. cucull. cerv. is that part of the

muscle whose muscle fiber bundles attach to a
middorsal aponeurosis in the caudal one-fourth of the
neck (Fig. 7).

Origin and Insertion:

The muscle fiber bundles of the

M. cucull. cerv. originate from the tough connective
tissue layer that is immovably fused with the
epimysium of the M. pectoralis (Figs. 8 & 9).

The

muscle fiber bundles form a solid sheet at their
origin along a line obliquely oriented from
caudoventral to craniodorsal.

The muscle fiber

bundles insert in the caudal one-fourth of the neck on
an aponeurosis that is continuous across the middorsal
line and that serves as site of insertion for both
contralateral halves of the muscle (Fig. 7).

This

aponeurosis is not directly attached to any skeletal
element.
Description:

The M. cucull. cerv. is a paired,

parallel-fibered, ribbon-like muscle.

The muscle

fiber bundles arise from the connective tissue that
covers the M. pectoralis; the most ventral muscle
fiber bundles originate farthest caudally, and the
most dorsal ones originate farthest cranially.

The

muscle fiber bundles of the M. cucull. cerv. assume an
increasingly transverse orientation on their course
over the dorsolateral surface of the crop (Figs. 7 &
8).

The muscle fiber bundles insert onto the

middorsal aponeurosis at various distances from the
middorsal line (approximately 1-4 mm, see Fig. 7).
Toward the insertion of the M. cucull. cerv., the
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muscle sheet is divided into two parts by a narrow gap
(Fig. 7).

This gap is filled with connective tissue

that is tightly attached to the overlying connective
tissue sheet.

The gap tapers lateroventrally and, at

the level of the middle of the muscle, it is no longer
apparent.
The epimysium of the external surface of the M.
cucull. cerv. attaches to the overlying connective
tissue sheet that is closely attached to the overlying
skin.

In the craniodorsal part of the M. cucull.

cerv., its epimysium is connected to the epimysium of
the internal surface of the M. constrictor colli pars
cervicalis.

The epimysium of the internal surface is

only loosely connected to the underlying connective
tissue.
Articulations;

The M. cucull. cerv. does not attach

to any skeletal element and, therefore, does not have
a direct effect on any articulation.
Functions:

Due to the close connection of this muscle

to the overlying connective tissue sheet, and thereby
to the skin, its main function appears to be the
tightening of the skin in the direction of the muscle
fiber bundles.
Antagonists:

The lengthening of the muscle fiber

bundles is a result of both the dorsal movements of

the caudal part of the neck and the expansion of the
crop.
Svneraists;

3.1.2.4.

None.

M. intermandibularis

(M. intermand.)

(NAA)

(Figs. 10, li, 12 & 19)
Diagnosis;
The M. intermand. is a sheet-like muscle, with
mainly transversely oriented muscle fiber bundles that
arise from the medial surface of the mandibular ramus
and insert on a midventral connective tissue
intersection that connects the two contralateral
halves with each other (Figs. 11 & 12).

(According to

topographic relationships, this muscle is the M.
intermand. ventralis of the NAA; a M. intermand.
dorsalis is not present in the sandgrouse).
Origin and Insertion;
For descriptive purposes, the site of origin of
the M. intermand. can be divided into two parts.

The

rostral part is a narrow strip along the dorsal onefourth of the medial surface of the mandibular ramus
(Fig. 19), from which the muscle fiber bundles have a
fleshy origin.

This strip extends rostrally to the

midpoint between the caudal border of the mandibular
symphysis and the rostral border of the Fenestra
mandibulae rostralis (Fig. 19).

From the rostral to
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the caudal end, this part of the origin shifts
slightly toward the dorsal edge of the mandibular
ramus (Fig. 19).

Only 1-2 mm caudal to the region of

the Angulus mandibulae, the caudal end of this rostral
part is bordered by the site of attachment of one of
the mandibular adductor muscles (probably the M.
pseudotemporalis profundus (NAA), according to
comparisons with Merz, 1963? Richards and Bock, 1973;
Vanden Berge, 1979; and Bhattacharyya, 1990)

(Fig.

19) .
The caudal part of the origin can be divided into
two portions.

Of these, the more rostral one is

fleshy and can be visualized as a ventrally displaced
continuation of the rostral part of the origin; it is
bounded dorsally by the site of attachment of the
mandibular adductor muscle mentioned above (Fig. 19).
The more caudal portion of the caudal part of the M.
intermand. arises from a tough, fibrous connective
tissue band that is attached to the mandible at only
two points.

This connective tissue band forms a

bridge across the muscle fiber bundles of the
mandibular adductor muscle, which project rostrally
underneath this bridge (Fig. 19).
The muscle fiber bundles insert on a midventral
connective tissue intersection that varies in width
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and connects the two contralateral halves with each
other (Fig. 11).
Description:
The M. intermand. is a thin, parallel-fibered,
sheet-like muscle.

From their origin, the muscle

fiber bundles first extend more or less ventrally
because they are pushed against the medial surface of
the mandibular ramus by the other structures that lie
in the intermandibular region (e.g., tongue,
sublingual glands).

At the level of the ventral edge

of the mandibular ramus, the muscle fiber bundles turn
horizontally and extend medially toward the
midsagittal line and insert on the connective tissue
intersection (Fig. 11).

The muscle fiber bundles of

approximately the rostral half of the M. intermand.
are mainly transversely oriented.

The muscle fiber

bundles of the caudal half assume a more and more
obligue orientation from rostrolateral to caudomedial,
so that the caudalmost muscle fiber bundles of the two
contralateral halves extend toward one another at a
right angle (Figs. 10 & 11).

The caudal apex thereby

formed covers (i.e., lies ventral to) the ends of the
most rostral muscle fiber bundles of the M.
serpihyoideus at their insertion (Fig. 11).
The connective tissue intersection of the M.
intermand. is widest at the rostral border of the M.

intermand.

(approximately 2.3 mm), narrows toward the

midpoint of the muscle (less than 0.2 mm), and then
becomes slightly wider again toward the caudal border
of the muscle (approximately 0.9 mm)

(Fig. 11).

The

connective tissue intersection extends caudally beyond
the end of the muscle fiber bundles of the M.
intermand. where it forms a triangular apex (Fig. 11).
This connective tissue intersection is tightly
connected to the midventral raphe of the M.
serpihyoideus, which, in turn, is fused to the
underlying raphe of the M. interceratobranchialis.
Viewed at low magnification, the connective tissue
intersection has a striped appearance, due to whitish
fibrous strands embedded in a clear matrix.

These

strands connect with one another and split up but
remain, in general, transversely oriented throughout
the extent of the M. intermand.

This remains true

even for the most caudal part of the connective tissue
intersection where the muscle fiber bundles of the M.
intermand. attach obliquely to it.
Along the rostral border of the M. intermand. and
its connective tissue intersection, a connective
tissue sheet is attached that spans the
intermandibular region where it extends to the
mandibular rami and the mandibular symphysis (Fig.
11).

The caudal border of the M. intermand. serves as
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site of attachment for another connective tissue sheet
that covers the M. serpihyoideus.
Articulations:
Because of its attachment sites, the M.
intermand. does not have a direct effect on any
articulation.
Functions:
The M. intermand. has several potential
functions.

The rostral part of the muscle, with

transversely oriented muscle fiber bundles, can
elevate the structures that lie dorsal to it in the
intermandibular region.

This part of the muscle can

act independently from other muscles.

The caudal part

of the muscle, with the muscle fiber bundles obliquely
oriented, needs to act simultaneously with the M.
serpihyoideus because the rostral component of the
pull produced by the M. intermand. needs to be
counteracted, which is achieved by the caudal
component of the pull produced by the M.
serpihyoideus.

This is possible because the raphe of

the M. serpihyoideus is tightly connected to the
connective tissue intersection of the M. intermand.
This way the caudal part of the M. intermand.,
together with the M. serpihyoideus, can function in
raising the structures dorsal to them in the
intermandibular region.

A third potential function
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arises from the fact that the raphe of the M.
serpihyoideus is immovably fused with the raphe of the
M. interceratobranchialis.

This way, the caudal part

of the M. intermand. gains indirect attachment to the
hyoid skeleton and can become part of a two-muscle
tongue protractor system, consisting of this muscle
and the M. interceratobranchialis.
Antagonists:
There is no direct muscular antagonist; however,
the muscle fiber bundles of the M. intermand. become
extended when the floor of the mouth is pushed
ventrally by food items or when the lingual apparatus
is pulled ventrally by the action of the M.
sternohyoideus (see discussion of that muscle).

For

the caudal part of the muscle, two muscles can
potentially act as antagonists.

Provided that the

lingual apparatus is held in place by the action of
other muscles, the M. interceratobranchialis can pull
the caudal part of the M. intermand. caudally.

In a

similar way can the M. serpihyoideus be an antagonist,
if the floor of the mouth with the lingual apparatus
is held in place.
Synergists:

None.

3.1.2.5.

M . branchiomandibularis

(M. branchiomand.)

(NAA)
Diagnosis:
The M. branchiomand. originates from both the
lateral and medial surfaces of the mandibular ramus
and inserts on the Os epibranchiale.

Two parts can be

distinguished, namely the M. branchiomandibularis
rostralis and M. branchiomandibularis caudalis.
A:

M. branchiomandibularis rostralis (M. branchiomand.
rostr.)

(Figs. 10, 11, 12, 13, 14, 17, 19 & 20)

Diagnosis:

The M. branchiomand. rostr. is that part

of the muscle that originates from the medial surface
of the mandibular ramus.

The M. branchiomand. rostr.

lies medial to the M. branchiomand. caud. along the
mandibular ramus (Figs. 11 & 12).
Origin and Insertion:

The fleshy origin of the M.

branchiomand. rostr. lies on the middle one-third on
the medial surface of the mandibular ramus (Fig. 19).
The muscle fiber bundles originate from several small
attachment areas grouped around the Fenestra
mandibulae rostralis.

The most rostral of these

attachment areas reaches the ventral edge of the
mandibular ramus ventral to the rostral end of the
fenestra (Fig. 19).

Caudal to this area, some few

muscle fiber bundles arise from the borderline between
the Os dentale and the Os spleniale back to the caudal

end of the fenestra, where some muscle fiber bundles
arise from the Os spleniale alone (Fig. 19).

Dorsal

to the fenestra lie two areas of origin: one is a
narrow strip that extends vertically from the dorsal
margin of the fenestra up to the site of origin of the
M. intermandibularis (Fig. 19); the other lies rostral
to the previous one between the dorsal margin of the
fenestra and the site of origin of the M.
intermandibularis, with the rostral end of the
attachment area reaching approximately the midpoint of
the fenestra (Fig. 19).

All areas of origin of the M.

branchiomand. rostr. lie ventral to the origin of the
M. intermandibularis.
The M. branchiomand. rostr. has a fleshy
insertion on the Os epibranchiale (Figs. 28 & 29).
The site of insertion extends along the medial and
mediodorsal surface of the most caudal one-fourth of
the bony part and most of the cartilaginous part of
the epibranchial (Figs. 28 & 29).
Description:

From its origin on the medial surface of

the mandible, the M. branchiomand. rostr. extends
caudally in a longitudinal direction.

At their

origin, those muscle fiber bundles that originate more
dorsally are wedged between the mandibular ramus and
the M. intermandibularis.

Farther caudally, the M.

branchiomand. rostr. extends ventrally to the medial

process of the mandible, with the M. branchiomand.
caud. lying dorsally and slightly laterally between
the medial process and the M. branchiomand. rostr.
Just caudal to this point, the M. branchiomand. rostr.
reaches the hyoid horn and enfolds it in an intricate
fashion.

It can be pictured most easily as a

longitudinally oriented, ribbon-like muscle that
enfolds the hyoid horn in such a way that its lateral
and medial borders meet along the dorsal surface of
the epibranchial (Fig. 17).

The most medial muscle

fiber bundles extend ventrally to the ceratobranchial
and the muscles associated with it (M. ceratoglossus
and M. interceratobranchialis).

These medial muscle

fiber bundles then turn in a spiraling manner around
the caudal surface of the ceratobranchial (which is
surrounded here by the M. interceratobranchialis) to
reach the dorsal surface of the hyoid horn at the
Synchondrosis intracornualis (Fig. 17).

Here, these

most medial muscle fiber bundles are overlain by the
muscle fiber bundles that form the lateral part of the
ribbon-like muscle (Fig. 17).

Along this border of

the lateral muscle fiber bundles attaches a fibrous
connective tissue sheet that extends medially as it
wraps around the medial muscle fiber bundles.

This

connective tissue sheet is fibrous and tough only in
the area of the Synchondrosis intracornualis and
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becomes thin farther caudally.

Several lateral muscle

fiber bundles become aponeurotic in the area of the
synchondrosis and attach to this fibrous connective
tissue sheet (Fig. 17).

The remaining lateral muscle

fiber bundles extend along the dorsal surface of the
epibranchial and at its caudal end turn around the
lateral surface of this element in a spiraling manner.
This way they reach their site of insertion on the
ventral surface of the cartilaginous part of the
epibranchial (Fig. 29).

The medial muscle fiber

bundles insert on the dorsal surface of the most
caudal part of the epibranchial and on its
cartilaginous process (Figs. 20, 28 & 29).

Those

muscle fiber bundles that constitute approximately the
middle of this ribbon-like part of the muscle extend
more or less parallel to the hyoid horn along its
caudomedial surface (Fig. 14) and insert along the
medial surface of the epibranchial.
On its course along the hyoid horn, the M.
branchiomand. rostr. is enwrapped by the connective
tissue sheet that extends from the lateral border of
the muscle.

Along the dorsal surface of the hyoid

horn, the M. branchiomand. rostr. is covered by the M.
branchiomand. caud.; however, a deep layer of the
connective tissue sheet extends between the two parts
of the M. branchiomand.

Slightly rostral to the point
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where the M. branchiomand. rostr. reaches the hyoid
horn, the muscle fiber bundles of part of the M.
sternohyoideus attach to the epimysium of the ventral
surface of the M. branchiomand. rostr.

(Fig. 16).

Rostral to this point, where the M. branchiomand.
rostr. extends dorsally to the M. stylohyoideus, loose
connective tissue separates the two muscles from each
other.

In its rostral half, the M. branchiomand.

rostr. is bordered by the M. branchiomand. caud. and
the mandibular ramus laterally and by the M.
intermandibularis medially (Figs. 11 & 12).
Articulations:

Because the M. branchiomand. rostr. is

an extrinsic lingual muscle, it has no direct effect
on any articulation.
Functions:

The M. branchiomand. rostr. is the main

tongue protractor, together with the caudal part of
the muscle.

It exerts its pull on the epibranchial,

which transmits this pull onto the entire hyoid
skeleton.

The direction of the muscle fibers indicate

that there also is a small lateral component that can
be counteracted by the medial component of the M.
interceratobranchialis.

Another potential function

can be postulated as being part of a system of three
muscles, the combined action of which causes the
lingual apparatus to swing ventrally, with the
caudoventral edge of the mandible being the pivot.

The function of the M. branchiomand. rostr. in this
system is to keep the epibranchial from being pushed
caudally while the M. sternohyoideus in combination
with the M. cricohyoideus exert a caudoventrally
directed force onto the basibranchial (see description
of M. sternohyoideus).

The intermandibular region

will be pushed ventrally by the lingual apparatus as a
result.
Antagonists;

The M. stylohyoideus is the main

antagonist, but the caudally directed component of the
pull of the M. sternohyoideus in combination with the
M. cricohyoideus act as antagonistic forces as well.
Synergists:

The other potential tongue protractors,

i.e., the M. genioglossus and the M.
interceratobranchialis in combination with the caudal
part of the M. intermandibularis, can act as
synergists to the M. branchiomandibularis rostralis.
M. branchiomandibularis caudalis (M. branchiomand.
caud.)

(Figs. 10, 11, 12, 13, 14, 17, 19 & 20)

Diagnosis:

The M. branchiomand. caud. is that part of

the muscle that arises from the lateral surface of the
mandibular ramus.
Origin and Insertion:

The M. branchiomand. caud. has

a fleshy origin on the lateral side of the mandibular
ramus.

The origin extends from the level of the

caudal border of the Fenestra mandibulae rostralis to

the level slightly rostral to the Processus
coronoideus (Fig. 20).

The most rostral muscle fiber

bundles arise from the ventral edge of the mandibular
ramus (Fig. 20).

Farther caudally, the origin shifts

to the lateral surface of the mandibular ramus, just
ventral to the site of insertion of the M. adductor
mandibulae externus (NAA) (Fig. 20).

The muscle fiber

bundles have a fleshy insertion on the most caudal
one-fifth of the epibranchial and the rostral onethird of its cartilaginous process.

The site of

insertion extends from the dorsal surface around the
lateral onto the ventral surface of these elements
(Figs. 28 & 29).
Description:

From their site of origin, the muscle

fiber bundles extend caudally in a longitudinal
direction, lying laterodorsally beside the M.
branchiomand. rostr. and thereby gradually crossing
over the ventral edge of the mandibular ramus (Figs.
11 & 12).

The M. branchiomand. caud. extends

ventrally to the guadratomandibular joint and dorsally
to the M. stylohyoideus, the M. serpihyoideus and the
M. constrictor colli pars intermandibularis.

The M.

branchiomand. caud. parallels the hyoid horn along its
dorsal surface, but because the hyoid horn is
surrounded by the M. branchiomand. rostr., the muscle
fiber bundles of the M. branchiomand. caud. do not

come in contact with the ceratobranchial or
epibranchial except close to the site of their
insertion.

The medial muscle fiber bundles of the M.

branchiomand. caud. extend straight to their insertion
on the dorsal surface of the cartilaginous part of the
epibranchial (Fig. 13).

The more lateral muscle fiber

bundles of the M. branchiomand. caud. wrap around the
lateral side of the epibranchial and its cartilaginous
process in a spiraling manner and thereby reach the
ventral surface of the cartilaginous process where
they insert (Fig. 14).

The M. branchiomand. caud. is

distinguishable from the M. branchiomand. rostr. as a
separate unit along the entire length of these two
muscles.
Articulations:

Because the M. branchiomand. caud. is

an extrinsic lingual muscle, it has no direct effect
on any articulation.
Functions;

The M. branchiomand. caud. is the main

tongue protractor, together with the rostral part of
the muscle.

It exerts its pull onto the epibranchial,

which transmits it onto the other elements of the
hyoid skeleton.

An additional function can be seen in

the participation in a three-muscle system that acts
together to swing the tongue ventrally (see
description of M. branchiomand. rostr. and M.
sternohyoideus).

Antagonists;

The M. stylohyoideus and the M.

sternohyoideus together with the M. cricohyoideus act
as antagonists.
Svneraists;

The other potential tongue protractors,

i.e., the M. genioglossus and the M.
interceratobranchialis together with the M.
intermandibularis can act as synergists to the M.
branchiomandibularis rostralis.

3.1.2.6.

M. genioglossus

(M. geniogl.)

(NAA)

(Figs. 14, 18, 19, 25, 27 & 29)
Diagnosis:
The M. geniogl. is for most of its course a
longitudinally oriented muscle that originates from
the mandibular symphysis and inserts on the cornua of
the Os entoglossum.
Origin and Insertion:
The muscle fiber bundles of the M. geniogl.
originate from a broad aponeurosis approximately 3 mm
caudal to the caudal end of the mandibular symphysis.
The aponeurosis itself is attached to the mandibular
symphysis as it extends between the oral surface of
the mandibular symphysis and the part of the
rhamphotheca that forms the hard sublingual floor of
the mouth (Fig. 18 & 19).

The M. geniogl. has a

fleshy insertion on the lateroventral edge of the

54
cornua of the Os entoglossum (Figs. 25, 27 & 29).

The

site of insertion is bordered medially by the
attachment site of the M. hypoglossus obliquus and
laterally by the attachment of the connective tissue
capsule of the Gl. lingualis rostralis.
Description:
The M. geniogl. is a paired, parallel-fibered,
band-like, longitudinally oriented muscle.

It is

broadest rostrally, where the muscle fiber bundles
attach to the aponeurosis, and here it consists of a
thin layer of evenly spaced muscle fiber bundles (Fig.
14).

In this region, no distinct separation between

the two contralateral halves of the muscle is
apparent, but farther caudally, the two contralateral
halves become separated and form two ribbon-like
strips (Fig. 14).

Rostrally, the epimysium of the

dorsal surface of the M. geniogl. closely adheres to
the connective tissue capsule of the ventral surface
of the paired Gil. mandibulares rostrales.

Farther

caudally, the medial borders of the left and right Gl.
mandibularis rostralis diverge, so that the M.
geniogl. comes to lie between them (Fig. 14).
Slightly rostral to the level of the caudal borders of
the Gil. mandibulares rostrales, the M. geniogl. is
redirected around the inside of the lingual frenulum
(see description of oropharyngeal cavity) to assume a

dorsal orientation (Figs. 14 & 27) .

The band-like

muscle is thereby twisted in such a way that the most
medial muscle fiber bundles rostral to the frenulum
become the most rostral ones on their dorsal course
(Fig. 27, right side).

The muscle then extends toward

the insertion on the caudal process of the entoglossal
as it passes laterally over the tendon of the M.
ceratoglossus (Fig. 27).
Articulations;
Because the M. geniogl. is an extrinsic lingual
muscle, it has no direct effect on any articulation.
Functions:
The exact direction of the pull of the M.
geniogl. on the cornua of the entoglossal depends on
the flexibility of the lingual frenulum, around which
the M. geniogl. is redirected.

The M. geniogl. can

pull the cornua of the entoglossal rostrally and
slightly ventrally.

If the Arte, entoglosso-

basibranchialis is kept immovable by the action of
other muscles, the pull on the cornua is transferred
onto the entire tongue skeleton.

If that articulation

is free to move, then the ventral component of the
pull will raise the tip of the tongue.
Antagonists:
The M. ceratoglossus counteracts the ventral pull
on the cornua.

The tongue retractors, i.e., the M.

stylohyoideus and the M. cricohyoideus together with
the M. sternohyoideus, act as antagonists for the
rostral pull of the M. geniogl.
Synergists:
The tongue protractors, i.e., the M.
branchiomandibularis rostralis et caudalis and the M.
interxnandibularis together with the M.
interceratobranchialis act as synergists for the
rostral pull of the M. geniogl.

The M. hypoglossus

obliquus acts as synergist for the ventral pull on the
cornua.

3.1.2.7.

M. serpihyoideus

(M. serpihyo.)

(NAA)

(Figs. 10, 11, 12, 14, 15, 16, 19 & 20)
Diagnosis:
The M. serpihyoideus is a paired, slightly fan
shaped muscle that extends from its origin on the
retroarticular process of the mandible rostromedially
to its insertion on a midventral raphe (Figs. 11, 12 &
14).
Origin and Insertion:
The M. serpihyo. has a fleshy origin on the
lateral surface of the retroarticular process of the
mandible (Fig. 19).

The site of origin is bordered

rostrally by the site of origin of the M.
stylohyoideus and caudally by the site of origin of
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the M. constrictor colli pars intermandibularis (Fig.
19).

The muscle fiber bundles of the two

contralateral halves insert midventrally on the raphe
of the muscle (Figs. 11 & 14).
Description;
From their origin on the retroarticular process
of the mandible, the muscle fiber bundles fan out and
extend rostromedially as they pass over the ventral
edge of the mandibular ramus.

The caudal border of

the M. serpihyo. parallels the rostral border of the
M. constrictor colli pars intermandibularis over the
entire length of both muscles.

Near its origin, the

M. serpihyo. covers the M. stylohyoideus for the most
part.

The muscle fiber bundles of the M. serpihyo.

insert on a midventral raphe that connects the two
contralateral halves of the M. serpihyo. with each
other.

This raphe is narrow in its caudal half, where

it is not overlain by the connective tissue
intersection of the M. intermandibularis.

In its

rostral half, the raphe gradually widens toward the
rostral border of the M. serpihyo., thereby forming a
triangular connective tissue sheet extending between
the rostral parts of the two contralateral halves of
the M. serpihyo.

(Figs. 11 & 14).

The raphe of the M.

serpihyo. is tightly fused to the internal surface of
the connective tissue intersection of the M.

intermandibularis.

On the right side of specimen TM

61732, the M. serpihyo. forms a single, continuous
sheet of muscle fiber bundles that insert on the
midventral raphe.

On the left side of specimen TM

61732, the most rostral three muscle fiber bundles
slightly diverge from the rest of the muscle fiber
bundles of the M. serpihyo. and do not extend as far
medially as do the more caudal muscle fiber bundles
(Fig. 14).
Articulations;
Because of its attachment sites, the M. serpihyo.
has no direct effect on any articulation.
Functions:
The M. serpihyo. elevates the structures in the
intermandibular region that lie dorsal to the muscle.
Because of its oblique fiber direction, it will exert
not only a dorsal but also a caudal pull on its
midventral raphe.

This caudal pull can be

counteracted by the rostral pull of the M.
intermandibularis (see that muscle), because the
connective tissue intersection of this muscle is
connected to the raphe of the M. serpihyo.
Antagonists;
There is no direct muscular antagonist present.
However, the muscle fiber bundles of the M. serpihyo.
will be extended when the lingual apparatus is pulled

ventrally by the action of the M. sternohyoideus or
when the lingual apparatus is pushed ventrally by food
items during the swallowing process.
Synergists:
None.

3.1.2.8.

M. stylohyoideus

(M. stylohyo.)

(NAA)

(Figs. 10, 11, 12, 14, 18, 20, 25, 27, 28 & 29)
Diagnosis:
The M. stylohyo. is a paired, parallel-fibered
muscle that originates on the retroarticular process
of the mandible and inserts on the Os ceratobranchiale
and Os basibranchiale.
Origin and Insertion:
The M. stylohyo. has a fleshy origin on the
lateral surface of the retroarticular process of the
mandible rostral to the origin of the M. serpihyoideus
(Fig. 20).

The muscle has a fleshy insertion on the

Os ceratobranchiale and on the Os basibranchiale.

The

site of insertion on the ceratobranchial is restricted
to the dorsal, lateral and ventral surfaces of the
most rostral part of this element; however, only the
rostral part of the joint capsule of the Articulatio
ceratobasibranchialis serves as an attachment site.
The site of insertion extends rostrally along the
lateral surface of the basibranchial up to the

midpoint between the Arte, ceratobasibranchialis and
the Arte, entoglosso-basibranchialis (Figs. 28 & 29).
Description;
Close to its origin, the M. stylohyo. is for the
most part overlain by the M. serpihyoideus, as both
muscles pass over the ventral edge of the mandibular
ramus and both parts of the M. branchiomandibularis
(Figs. 10, 11 & 12).

Because the M. stylohyo. is more

obliquely oriented than the M. serpihyoideus, the
former is not covered by the latter from approximately
its midlength.

As the M. stylohyo. extends toward its

medial insertion, it extends dorsally to the M.
ceratoglossus and its tendon (Figs. 25 & 27).

Close

to its insertion, the muscle surrounds ceratobranchial
on its the lateral, dorsal and ventral side (Figs. 28
& 29).

The most rostral muscle fibers extend

ventrally to the M. cricohyoideus (Fig. 25).
Articulations;
Because the M. stylohyo. is an extrinsic lingual
muscle, it has no direct effect on any articulation.
Functions;
Because of its oblique orientation, the pull of
the M. stylohyo. has a caudal component that makes it
the main tongue retractor.

If its insertion site is

higher or lower than the ventral edge of the

mandibular ramus, then the pull of the M. stylohyo.
will also have a ventral or dorsal component.
Antagonists:
The tongue protractors, i.e., the M.
branchiomandibularis, the M. genioglossus and the M.
intermandibularis together with the M.
interceratobranchialis, can act as antagonists.
Svneraists:
The M. cricohyoideus together with the M.
sternohyoideus can act as synergists to the caudal
component of the pull.

3.1.2.9.

M. interceratobranchialis

(M. interceratobra.)

(NAA) (Figs. 14, 15, 16, 25, 27 & 29)
Diagnosis:
The M. interceratobra. is a paired, slightly fan
shaped muscle that originates from the Synchondrosis
intracornualis and adjacent areas, and inserts on a
midventral raphe.
Origin and Insertion:
The M. interceratobra. has a fleshy origin on the
lateral and ventral surfaces of the Os epibranchiale
and the Os ceratobranchiale adjacent to the
Synchondrosis intracornualis.

On the lateral surface,

the attachment site extends over the synchondrosis and
the areas caudally and rostrally adjacent to it; on

62
the ventral surface, the attachment site is restricted
to the areas rostral and caudal to the synchondrosis
(Fig. 25, 27).

The muscle fibers insert on a

midventral raphe that connects the two contralateral
halves with each other.

This raphe is fused with the

overlying raphe of the M. serpihyoideus and with an
underlying, strong connective tissue sheet that
attaches to the lateral margins of the cricoid
cartilage.
Description:
The muscle extends from its origin in a
rostromedial orientation toward the midline (Figs. 2027).

Close to its origin, the M. interceratobra.,

together with the Os ceratobranchiale and the M.
ceratoglossus, is enwrapped ventrally by the M.
branchiomandibularis anterior and a connective tissue
sheet attached to the medial border of that muscle
(Fig. 27).

As this connective tissue sheet extends

farther medially, it separates the M. interceratobra.
from the overlying lateral slip of the M.
sternohyoideus (Fig. 27).

Toward the midline, this

fascia becomes increasingly thin and it separates the
M. interceratobra. from the overlying M.
serpihyoideus.

The M. interceratobra. passes

ventrally to the medial slip of the M. sternohyoideus
(Fig. 27).

Articulations;
Because the M. interceratobra. is an extrinsic
lingual muscle, it has no direct effect on any
articulation.
Functions:
The M. interceratobra. can act as a tongue
protractor provided the M. mylohyoideus acts
simultaneously to counteract the caudal pull onto the
raphe of the M. interceratobra.

It also has a

medially directed component that can counteract the
laterally directed component of the M.
branchiomandibularis.
Antagonists:
The retractors of the tongue, i.e., the M.
stylohyoideus and the M. cricohyoideus together with
the M. sternohyoideus, can act as antagonists to the
M . interceratobra.
Synergists:
The tongue protractors, i.e., the M.
branchiomandibularis rostralis et caudalis and the M.
genioglossus, can act as synergists to the M.
interceratobra.
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3.1.2.10. M. ceratoglossus

(M. ceratogl.)

(NAA)

(Figs. 25, 27, 28 & 29)
Diagnosis:
The M. ceratogl. is an intrinsic lingual muscle
that originates from the Os ceratobranchiale and
inserts on the Os entoglossum.
Origin and Insertion:
The M. ceratogl. has a fleshy origin on the
caudal half of the Os ceratobranchiale.

The

attachment site extends almost around the entire
circumference of the rod-like ceratobranchial, leaving
only a narrow strip along the dorsal surface where no
muscle fibers attach (Fig. 25).

The tendon of the M.

ceratogl. inserts on the ventral surface of the Os
entoglossum rostrolaterally to the Articulatio
entoglosso-basibranchialis (Fig. 29).
Description:
The M. ceratogl. surrounds the caudal half of the
ceratobranchial almost entirely.

Those muscle fibers

that arise from the lateral surface of the
ceratobranchial extend almost parallel to this element
before they attach to a fascia on the rostrolateral
surface of the muscle (Figs. 25 & 27).

Those muscle

fibers that originate along the caudal surface of the
ceratobranchial pass around the ventral surface of
this element in a spiraling manner and then extend

toward the fascia to which they attach like the other
muscle fibers of this muscle (Figs. 25 & 27).

As the

M. ceratogl. extends rostrally away from the
ceratobranchial, it lies ventral to the M.
stylohyoideus and the superficial fascia of the M.
ceratogl. and gradually becomes a round, strong
tendon.

The tendon extends laterally to the M.

hypoglossus obliquus and medially to the M.
genioglossus along the ventral edge of the caudal
process of the entoglossal (Fig. 27).

From the most

rostral part of the tendon, some muscle fibers of the
M. hypoglossus rostralis take their origin.

In its

caudal part, the muscle is overlain ventrally by the
M. interceratobranchialis.

(Fig. 27).

Farther

rostromedially, the F. ceratohyoidea becomes stronger
as it continues to wrap around the ventral and lateral
surface of the M. ceratogl. and its tendon.
Articulations:
The M. ceratogl. is a two-joint muscle that can
have an effect on the Articulatio entoglossobasibranchialis and on the Articulatio
ceratobasibranchialis.
Functions:
Because the movement in the articulation between
basibranchial and ceratobranchial is restricted to a
lateral and only slightly dorsal movement of the

ceratobranchials relative to the basibranchial (see
description on Arte, ceratobasibranchialis), the M.
ceratogl. acts presumably mainly as a one-joint
muscle.

The main function of the M. ceratogl. is the

lowering of the free part of the tongue relative to
the rest of the lingual apparatus.

If the two

contralateral halves of the M. ceratogl. do not act
simultaneously, then the tip of tongue can also be
pulled laterally, a movement that would be allowed to
some degree by the saddle joint of the Arte,
entoglosso-basibranchialis.
Antagonists;
The M. hypoglossus obliquus is the main
antagonist, and to a lesser degree the M.
genioglossus.
Synergists:
None.

3.1.2.11. M. hypoglossus obliquus
(NAA)

(M. hypogl. obliq.)

(Figs. 25, 27, 28 & 29)

Diagnosis:
The M. hypogl. obliq. is a paired, transversely
oriented muscle that originates from the caudal
process of the Os entoglossum and inserts on a median
raphe at the ventral side of the Os basibranchiale.
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Origin and Insertion;
The muscle has a fleshy origin on the
ventromedially directed surface of the caudal process
of the Os entoglossum.

The attachment site is

bordered laterally along its middle one-third by the
attachment site of the M. genioglossus, and rostrally
and caudally to this by the attachment of the
connective tissue capsule of the G1.lingualis
rostralis (Fig. 29).

The muscle fibers insert

midventrally on a raphe that connects the two
contralateral halves with each other (Fig. 27).

This

raphe overlies the ventral ridge of the basibranchial
bone, but it is only loosely connected to it.
Description:
From their origin on the entoglossal, the muscle
fibers extend in a mostly transverse orientation first
ventrally and then medially to reach the ventral side
of the basibranchial, where the two contralateral
halves are connected to each other by a raphe.
Therefore, they form a broad sling that extends
between the two caudal processes of the entoglossal of
each side around the ventral surface of the
basibranchial.

The M. hypogl. obliq. extends medially

to the tendon of the M. ceratoglossus and laterally to
the M. cricohyoideus.

Articulations:
The M. hypogl. obliq. has a direct effect on the
Articulatio entoglosso-basibranchialis.
Functions:
The M. hypogl. obliq. can raise the free part of
the tongue by pulling the cornua of the entoglossal
ventrally relative to the basibranchial.
Antagonists:
The M. ceratoglossus is the only muscular
antagonist.

Besides that, the muscle fibers of the M.

hypogl. obliq. can be extended passively when the tip
of the tongue is pushed down, for example by food
items.

[The M. hypoglossus rostralis, which can pull

down the tip of the tongue as well, is not an
antagonist because it does not have an effect on the
affected joint but only on the shape of the free part
of the tongue itself].
Synergists:
The M. genioglossus can have a weak ventral
component acting on the cornua of the entoglossal.
However, as an extrinsic lingual muscle its action
depends on the simultaneous action of other muscles,
and the relative weakness of this muscle compared to
the M. hypogl. obliq. suggests that the synergistic
function is insignificant.

3.1.2.12. M. hypoglossus rostralis
(NAA)

(M. hypogl. rostr.)

(Figs. 27 & 29)

Diagnosis:
The M. hypogl. rostr. extends into the tip of the
free part of the tongue ventral to the rostral process
of the Os entoglossum.
Origin and Insertion:
The M. hypogl. rostr. has a fleshy origin on the
ventral and ventromedial surfaces of the Os
entoglossum and from the tendon of the M.
ceratoglossus near its attachment to the Os
entoglossum (Fig. 27).

The site of origin on the

entoglossal extends caudally to the level of the
Articulatio entoglosso-basibranchialis and medially to
the tendon of the M. ceratoglossus; it extends
rostrally on the medioventral-facing surface of the
bony part of the entoglossal and reaches onto the most
caudal one-fourth of the rostral, cartilaginous part
of the entoglossal (Fig. 27).

The tendinous fibers

insert onto the perichondrium of the most rostral onefifth of the cartilaginous process of the Os
entoglossum (Fig. 27).
Description:
The M. hypogl. rostr. is a paired, pinnate,
longitudinally oriented muscle.

The muscle fiber

bundles are short because they extend from their

origin in a rostral and slightly ventral direction
toward their insertion on the fascia that covers the
ventral surface of the muscle.

This fascia is thin

and inconspicuous caudally but increases in thickness
rostrally as it turns into the tendon of insertion.
The muscular bellies of the two contralateral halves
are clearly separated from each other up to their
midlengths.

Rostral to this point, where the muscle

consists of tendinous fibers only, the two sides fuse
to form a single tendon.

The tendon conforms to the

convex shape of the ventral surface of the rostral
process of the entoglossal.

The tendinous fibers

insert on the perichondrium along the rostral onefifth of the rostral process of the entoglossal.

The

M. hypogl. rostr. is covered ventrally and laterally
by the epithelium of the free part of the tongue and
dorsally by the entire ventral surface of the Os
entoglossum and its rostral process.
Articulations:
Although the M. hypogl. rostr. is an intrinsic
lingual muscle, it does not have an effect on any
articulation, because it originates and inserts on the
same skeletal element.
Functions;
Because of the elasticity of the cartilaginous
rostral process of the Os entoglossum, the M. hypogl.

rostr. can bend the tip of the tongue ventrally
without affecting the position of the free part of the
tongue relative to other elements of the tongue.
Antagonists:
There is no muscular antagonist to the M. hypogl.
rostr., but due to the elasticity of the cartilage of
the rostral process of the entoglossal as well as the
elasticity of the connective tissue in the epithelium
of the Dorsum linguae and the Ventrum linguae,
including the lingual nail, these elements can serve
as passive antagonists to the M. hypogl. rostr.
Synergists;
None.

3.1.2.13. M. cricohyoideus

(M. cricohyo.)

(NAA)

(Figs. 25, 27, 28 & 29)
Diagnosis:
The M. cricohyo. extends from the rostral end of
the Os basibranchiale along the dorsal surface of this
element to its caudal attachment sites on the ventral
surface of the cricoid cartilage and on the Gl.
cricoarytenoidea.
Origin and Insertion:
The M. cricohyo. has a fleshy attachment on the
Os basibranchiale along its laterodorsal surface (Fig.
28).

The attachment site extends rostrally to the

caudal margin of the joint capsule of the Arte,
entoglosso-basibranchialis; caudally, the attachment
site extends to approximately the midpoint between
this articulation and the Arte, ceratobasibranchialis,
thereby slightly overlapping the rostral border of the
attachment site of the M. stylohyoideus (Fig. 28).
The caudal attachment of the M. cricohyo. lies on the
cricoid cartilage and on the Gl. cricoarytenoidea
(Figs. 28 & 29).

The attachment on the cricoid is

split into two parts.

First, a more medial part

attaches to the ventral surface of the cricoid,
between the attachment site of the medial slip of the
M. sternohyoideus and that of the caudal slip of the
M. tracheolateralis (Fig. 29); and second, a more
lateral part of the M. cricohyo. attaches to the
rostrolateral margin of the cricoid (Fig. 28, right
side).

The attachment to the Gl. cricoarytenoidea is

restricted to the lateral half of the gland, with the
muscle fiber bundles of the M. cricohyo. attaching
individually to the connective tissue capsules of the
secretory units (Figs. 28 & 29).
Description;
The M. cricohyo. is a paired, parallel-fibered
muscle that forms a round strip in its rostral part
where it extends along the laterodorsal surface of the
basibranchial.

In its most rostral part, it is

encased laterally by the M. hypoglossus obliquus.

As

the M. cricohyo. extends caudally, passing dorsally to
the M. stylohyoideus and the Arte,
ceratobasibranchialis, it gradually becomes more
ribbon-shaped.

The most medial muscle fiber bundles

extend along the ventral surface of the cricoid
cartilage, where they insert at approximately the
midpoint of this element (Fig. 29).

Those muscle

fiber bundles that form the middle of the ribbon-like
muscle attach to the rostrolateral margin of the
cricoid cartilage (Figs. 28 & 29).

The most lateral

muscle fiber bundles lie lateral to the larynx as they
parallel the muscle fibers of the M.

dilator

glottidis, before they attach to the Gl.
cricoarytenoidea (Figs. 25 & 28).
Articulations:
Because the M. cricohyo. is an extrinsic lingual
muscle, it has no direct effect on any articulation.
Functions:
Depending on the action of other muscles, the M.
cricohyo. can pull the larynx closer toward the free
part of the tongue or vice versa.

If the cricoid

cartilage is pulled caudally (or held in place) by the
action of the medial slip of the M. sternohyoideus,
the M. cricohyo. can act as a tongue

retractor.

If

the lingual apparatus is held in a certain position by

the actions of other extrinsic lingual muscles, the M.
cricohyo. can pull the larynx rostrally.

(Because the

M. cricohyo. can act as an extension of the medial
slip of the M. sternohyoideus, see that description
for additional functions).
Antagonists:
Antagonists of the M. cricohyo. can be either
tongue protractors or larynx retractors.
Synergists:
Slips of the M. tracheolateralis can act as
synergists, but are presumably insignificant because
of their small size.

3.1.2.14. M. sternohyoideus

(M. sternohyo.)

(NAA)

(Figs. 8, 9, 10, 11, 12, 14, 16, 25 & 27)
Diagnosis:
The M. sternohyo. is a ribbon-like muscle that
extends from the sternum over the ventral surfaces of
the crop and neck all the way to the lingual
apparatus.
Origin and Insertion:
The muscle fiber bundles of the M. sternohyo.
arise from approximately the most cranial 6 mm of the
ventral crest of the Carina sterni (Figs. 8 & 9).

The

most medial muscle fiber bundles arise most cranially
and they attach to the strong, fibrous connective

tissue that covers the Carina sterni.

The muscle

fiber bundles of the lateral one-third of the muscle,
however, arise from a short triangular aponeurosis
that attaches to the Carina sterni (Figs. 8 & 9).
Rostrally, close to their insertion, each
contralateral half splits into a medial and a lateral
slip.

The medial slip inserts along the rostrolateral

margin of the ventral surface of the cricoid
cartilage, and the most medial muscle fibers insert on
a fascia that covers the medial part of the M.
cricohyoideus (Fig. 29).

The lateral slip of the M.

sternohyo. inserts with two separate parts: its
lateral part inserts on the epimysium of the ventral
surface of the M. branchiomandibularis anterior at the
level of the caudal border of the M. stylohyoideus
(Figs. 14, 16 & 27); its medial part passes medially
to the M. branchiomandibularis anterior and wraps
around the rostral border of the M. ceratoglossus.
The muscle fibers are attached to the connective
tissue sheath that surrounds the M. ceratoglossus as
well as the M. interceratobranchialis and the Os
ceratobranchiale (Figs. 16 & 27).

It is noteworthy

here that in the same area, several muscle fiber
bundles of the longitudinal muscle layer of the
esophagus wrap around the M. ceratoglossus from
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dorsally in a similar manner and attach to the
connective tissue sheath as well (Fig. 25, left side).
Description:
The M. sternohyo. is a thin, ribbon-like,
parallel-fibered, paired muscle with longitudinally
oriented muscle fiber bundles.

From their origin on

the Carina sterni, the muscle fiber bundles diverge
slightly up to the region where the lateral muscle
fiber bundles of the M. sternohyo. meet the ones of
the M. cucullaris capitis (Figs. 8 & 9).

Just cranial

to the Carina sterni, the muscle fiber bundles of the
two contralateral halves of the M. sternohyo. are
separated from one another by a strip of tough
connective tissue (Fig. 9) that is tightly attached to
the overlying connective tissue sheet.

In the region

of the caudal border of the crop, this connective
tissue strip narrows down and the two contralateral
halves form a single muscle sheet that extends
cranially as it

covers the ventral surfaces of the

crop and of the

neck (Figs. 8, 9 &10).

The lateral

border of the M. sternohyo. parallels the ventral
border of the M. cucullaris capitis from the origin of
the latter muscle all the way to the cranial region of
the neck (Figs.

8, 9, 10 &12).

Where these

two

muscles overlie

the caudal part of the crop, they form

a continuous sheet of muscle fiber bundles without any

visible gap or connective tissue space between their
borders (Figs. 8 & 9).

Where they overlie the cranial

part of the crop and along the lateral surface of the
neck, the borders of these two muscles slightly
separate to leave a narrow gap (less than 1 mm)
between them, along which several nerves emerge from
deeper regions.

In the gular region, the M.

sternohyo. continues its course along the ventral side
of the neck toward the lingual apparatus, whereas the
M. cucullaris capitis turns dorsocranially towards the
postorbital region, so that their borders diverge from
each other (Figs. 11 & 12).

At the same level as this

separation from the M. cucullaris capitis, the M.
sternohyo. splits into its two contralateral halves
(Figs. 11 & 14).

In addition, only 1-2 mm rostrad to

this point, each contralateral half splits into a
lateral and medial slip (Figs. 11 & 14).

The area

between the two contralateral halves of the M.
sternohyo. and between the two slips of each half is
spanned by a connective tissue sheet.

The medial slip

extends dorsally to the M. ceratohyoideus toward its
insertion on the rostral part of the cricoid cartilage
(Figs. 27 & 29).

On the right side of specimen TM

61732, the most medial muscle fiber bundle of the
medial slip becomes aponeurotic approximately 5 mm
caudal to the caudal border of the M.

interceratobranchialis (Fig. 14).

The lateral slip

passes ventrally to the M. interceratobranchialis, the
M. ceratoglossus and the M. branchiomandibularis
rostralis as it extends toward its insertion (Figs. 14
& 27).

In specimen TM 61732, there is one tiny muscle

fiber bundle at the medial border of this lateral slip
that takes a different course.

At the caudal border

of the M. interceratobranchialis, it turns sharply
medially and then extends dorsally to the M.
interceratobranchialis, where it joins the muscle
fiber bundles of the medial slip (Fig. 14).
The M. sternohyo. lies deep to the M. constrictor
colli pars cervicalis and, caudal to that muscle, deep
to a strong connective tissue sheet that is tightly
connected to the overlying skin.

Rostrally, the M.

sternohyo. is covered by loose connective tissue that
separates it from the overlying M. constrictor colli
pars cervicalis.

In its caudal part, the M.

sternohyo. overlies the M. pectoralis and the crop;
along the course of the neck, the M. sternohyo.
overlies the esophagus, the trachea, and the cervical
column with its musculature.
Articulations:
Due to its sites of attachment, the M. sternohyo.
does not have a direct effect on any articulation.
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Functions:
Although the M. sternohyo. is only indirectly
connected to the lingual apparatus, its medial slip
can act as an efficient tongue retractor, provided
that the M. cricohyoideus transmits the pull of the M.
sternohyo. on the cricoid cartilage onto the
basibranchial.

Because of the great length of the M.

sternohyoideus, the distance that it can shorten is
considerable.

If the M. cricohyoideus does not act

simultaneously with the M. sternohyo., the latter will
pull the cricoid cartilage and thereby the entire
larynx without the lingual apparatus caudally (at
least until the arytenoglossal ligament becomes
tightened).

The lateral slip of the M. sternohyo. is

attached to two different parts.

The part that

attaches to the surface of the M. branchiomandibularis
can act in a similar way as the M. cucullaris capitis,
namely in tightening the skin and the M. constrictor
colli pars cervicalis in the longitudinal direction,
provided there is simultaneous action by the M.
branchiomandibularis rostralis.

The part that

attaches to the connective tissue sheet that enwraps
the hyoid horn with its musculature does exert its
pull on connective tissue connected to the inside of
the epithelium of the paralingual floor of the mouth
and can presumably alter the shape of the surface of
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that part of the mouth lining.

If the lingual

apparatus is held in place or even protracted by the
action of the

M.

branchiomandibularis, the medial slip

can potentially act in a similar way as the

M.

cucullaris capitis, by tightening the skin and the M.
constrictor colli pars cervicalis in the longitudinal
direction.
Another potential function will be discussed
here.

The M. sternohyo. is part of an intricate

three-muscle system, the action of which results in a
ventral rotation of the lingual apparatus around the
caudoventral edge of the mandible.
comprised of the

M.

The system is

branchiomandibularis rostralis et

caudalis, the M. sternohyo., the M. cricohyoideus, and
the epi-, cerato- and basibranchial as skeletal
elements.

The system works in the following way: the

pull of the simultaneously acting M. sternohyo. and M.
cricohyoideus is directed caudoventrally.

The ratio

of the ventral to the caudal component is dependent on
the angle between the longitudinal axis of the head
(mandible) and the longitudinal axis of the rostral
part of the neck.

In other words, the more the head

is flexed ventrally, the larger the ventral component
will be.

The caudal component can be counteracted by

the rostral pull of the M. branchiomand., so that the
remaining ventral component pulls the lingual
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apparatus ventrally.

The caudoventral corner of the

mandible will be the pivot, because the M.
branchiomand. is redirected around it.
The muscle fiber direction of the M. sternohyo.
along its course is not straight but altered by
guiding structures.

This guiding construction

consists of a muscular sleeve, comprised by the M.
constrictor colli pars cervicalis and the M.
constrictor colli pars intermandibularis.

When these

two muscles are activated, they keep the M. sternohyo.
from being pulled away from the neck at the concave
side of a curvature of the neck (see description of
the function of M. constr. colli cerv.).
Antagonists:
The tongue protractors, i.e., the M.
branchiomandibularis rostralis et caudalis, the M.
genioglossus, the M. intermandibularis together with
the M. interceratobranchialis function as antagonists
for the caudal pull of the M. sternohyo.; the M.
serpihyoideus and the M. constrictor colli pars
intermandibularis function as antagonists for the
ventral pull of the M. sternohyo.
Svneraists:
For the tongue retraction, the M. stylohyoideus
is the only synergist; for lowering the caudal part of
the intermandibular region, no muscular synergist is
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present, although this part can be depressed by food
items.

3.1.2.15. M. tracheolateralis

(M. tracheolat.)

(NAA)

(Figs. 25, 27, 28 & 29) - short description
Only the most rostral part of the muscle has been
studied.

Close to the rostral end of the trachea, the

M. tracheolat. forms a thin, continuous sheet of
muscle fibers surrounding the trachea on its ventral
and both lateral surfaces, leaving the dorsal surface
uncovered (Fig. 25).

The more lateral muscle fibers

attach to the ventral surface of the cricoid cartilage
caudomedially (Fig. 29).

The more medial muscle

fibers extend rostrally, ventral to the caudal part of
the Os basibranchiale, and attach to the ventral
surface of this element just rostral to the joint
capsule of the Arte, ceratobasibranchialis (Fig. 29).
This muscle serves as a link between the trachea and
the cricoid cartilage on the one hand, and the trachea
and the hyoid apparatus on the other hand.

According

to McLelland (1989), the individual muscle fibers
usually span 3-4 tracheal rings.

If this is true,

then the M. tracheolat. can not be extended for a
large distance, which means that the trachea, cricoid
and hyoid apparatus are closely linked, and the
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muscular connection serves only for fine-tuning of the
relative position of the elements to one another.

3.1.3.

Salivary glands

3.1.3.1.

Introduction

The avian salivary glands associated with the lingual
apparatus consist of a variable number of secretory units.
The more proximal parts of these secretory units are
usually non-secretory and form the ducts that connect the
more distal, secretory parts to the epithelial surface.
Glands are commonly classified microscopically according to
the complexity of their duct systems and secretory parts,
and according to their secretory products.

For the present

study it is sufficient to distinguish macroscopically two
types of glands —

compact and diffuse.

In the case of the

compact glands, several secretory units form a compact
glandular body somewhat removed from the epithelium and
separated from it at least by loose connective tissue.
glandular body can be drained by one or more ducts.

The

The

size of a duct and its orifice varies considerably
depending on the number and size of the secretory units it
drains.

Of the described salivary glands for Pterocles

namaqua. only the Gl. mandibularis rostralis conforms
completely to this type, while the Gl. ling, rostralis and
the caudal part of the Gl. cricoarytenoidea form a densely
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packed body of larger secretory units, which are, however
still closely attached to the inside of the epithelium.
The secretory units of the diffuse salivary glands are
spread over an area of the epithelium with the individual
secretory units closely attached to the underside of the
epithelium as small, usually more or less spherical
structures.

The secretory units can be loosely spread over

the underside of the epithelium, as in the G l . mandibularis
caudalis, the Gl. lingualis caudalis and the rostral part
of the Gl. cricoarytenoidea; or they can be densely packed,
as in the Gl.lingualis rostralis and the caudal part of the
Gl. cricoarytenoidea, in which case they can assume the
appearance of compact bodies.

However, in this case they

are still closely attached to the epithelium and are
embedded in the connective tissue of the submucosa.

Due to

this close connection to the epithelium, they function
biomechanically as structural elements that contribute to
the shape of the surface of the oropharyngeal cavity.

Each

secretory unit is drained by its own short duct, and the
orifice is accordingly small.

These individual secretory

units have often been referred to as individual glands
(e.g., Heidrich, 1908; Antony, 1920; Foelix, 1970; Hodges,
1974).

The nomenclature of these diffuse glands is solely

topographical, based on the area where the secretory units
are situated.

They are often not clearly delineated from

the secretory units of an adjacent area.
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The glandular bodies as well as the individual
secretory units are surrounded by connective tissue
capsules (Heidrich, 1908; Antony, 1920; Hodges, 1974;
Banks, 1986; Homberger, 1986; Homberger and Meyers, 1989),
which causes them to function as hydrostatic skeletal
elements, to which muscles and fasciae can attach
(Heidrich, 1908; Homberger and Meyers, 1989).

3.1.3.2.

Glandula mandibularis rostralis
rostr.)

(NAA)

(Gl. mand.

(Figs. 14, 15, 16, 21 & 24)

The compact glandular bodies of the paired Gil.
mandibulares rostrales are situated in the rostral half of
the intermandibular region.

The rostral part of the

glandular bodies lies dorsal to the M. genioglossus and its
aponeurosis (Fig. 14).

The Gl. mand. rostr. supports the

sublingual floor of the mouth from the caudal end of the
mandibular symphysis to the level of the lingual frenulum.
The glandular bodies are roughly oval, but their rostral
ends are somewhat pointed and their greatest widths are
near the rounded caudal ends (Fig. 24).

The rostral halves

of the two contralateral halves parallel each other with
only a small space between them, but they diverge caudally
(Fig. 14).
Each glandular body consists of about 35 tubular
secretory units that are convoluted in the caudal half of
the glandular body but fairly straight in the rostral half

(Fig. 24) .

The straight parts of these secretory units run

obliquely from a caudolateral to a rostromedial position.
The glandular orifices are restricted to the medial half of
a glandular body (Fig. 24, and compare Figs. 21, 15 & 16).
The secretory units are arranged in two rows in the rostral
half of the gland, and in three rows in the caudal half.
Those secretory units that open along the medial border of
the glandular body are longer than those that open more
laterally and extend as far as the lateral border of the
glandular body.

The ducts that connect the secretory units

to the surface of the epithelium are short, because the
secretory parts extend close to the underside of the
epithelium.

In the medial half of the Gl. mand. rostr.,

the connective tissue capsule of the dorsal surface of the
Gl. mand. rostr. is fused with a thin, tough connective
tissue layer in this area that is in turn fused to the
connective tissue of the submucosa of the mouth cavity.

In

the lateral half of the Gl. mand. rostr., the connective
tissue capsule of the dorsal surface is only loosely
connected to the submucosa by a layer of thick, loose
connective tissue.

The connective tissue capsule of the

ventral surface of the Gl. mand. rostr. is fused with the
aponeurosis of the M. genioglossus and the epimysium of the
dorsal surface of this muscle.
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3.1.3.3.

Glandula mandibularis caudalis (Gl. mand. caud.)
(NAA)

(Figs. 16 & 21)

The Gl. mandibularis caudalis is a diffuse gland that
consists of approximately 2000 secretory units on each
side, with the individual secretory units measuring between
50 jiim and 100 /xm in diameter.

These secretory units are

spherical structures embedded in the connective tissue of
the submucosa because they closely adhere to the underside
of the epithelium in the sublingual and paralingual floors
of the mouth.

In the paralingual region, the secretory

units are densely arranged in fields located primarily
along the underside of the longitudinal grooves (see
description of floor of the mouth)

(compare Figs. 16 & 21).

In the sublingual region, a relatively small number of
secretory units (less than 100) are spread irregularly over
the area that overlies the medial half of the Gl.
mandibularis rostralis.

Around the caudomedial orifices of

the Gl. mandibularis rostralis are some aggregations of
these secretory units (Fig. 16).

Therefore, the glandular

orifices of the Gl. mand. caud. are interspersed among the
large orifices of the Gl. mandibularis rostralis (Fig. 21).
About 20 secretory units are located on the Ruga
sublingualis (Figs. 16 & 21).

At the caudal end of the

paralingual floor, the fields of secretory units of the Gl.
mand. caud. cannot be delineated from those of the
esophageal gland (Fig. 21), and the secretory units
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themselves of these two areas cannot be distinguished
macroscopically from one another.

The same is true at the

borderline of the paralingual floor of the mouth and the
rostral part of the preglottal part of the tongue.

Here,

the fields of secretory units of the Gl. mand. caud. cannot
be delineated (Fig. 21), and the secretory units not
distinguished from those of the Gl. lingualis caudalis.

3.1.3.4.

Glandula lingualis rostralis
(NAA)

(Gl. ling, rostr.)

(Figs. 13 & 22)

The paired rostral lingual glands are situated in the
caudal two-thirds of the free part of the tongue.

Each

glandular body extends from the base of the lingual
papillae roughly to the caudal one-third of the
cartilaginous process of the entoglossal (Fig. 13).

This

point coincides with the caudal end of the lingual nail
(see description of the tongue)

(Fig. 22).

The caudal half

of the Gl. ling, rostr. does not vary in width, whereas the
rostral half narrows gradually toward its rostral tip (Fig.
13).

The Gl. ling, rostr. is embedded between the

entoglossal and the epithelium covering the dorsal and
ventrolateral sides of the free part of the tongue.

The

orifices of the Gl. ling, rostr. open onto the
ventrolateral side of the free part of the tongue (Fig.
22).

The most rostral orifice opens slightly caudal to the

caudal border of the lingual nail.

There are about 10-12
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conspicuous orifices (about 50x50 /un) arranged in a
longitudinal row along the ventrolateral border of the
glandular body (Fig. 22).

About 20 smaller glandular

orifices are situated dorsal to the larger ones, with most
located in the caudal half of the glandular body (Fig. 22).
At the caudal end of the free part of the tongue, fields of
small secretory units of the Gl. lingualis caudalis extend
rostrally just dorsal to the Sulcus alae linguae, where
they almost reach the most caudal orifices of the Gl. ling,
rostr.

(Fig. 22).

3.1.3.5.

Glandula lingualis caudalis
(NAA)

(Gl. ling, caud.)

(Figs. 13, 21 & 22)

The Gl. ling. caud. is a diffuse gland that consists
of approximately 700 secretory units.

These secretory

units are small, mostly spherical structures that adhere to
the underside of the epithelium of the preglottal part of
the tongue.

Two groups of secretory units of different

sizes are present.

Arranged in a median strip are about 40

larger secretory units that range from 250-350 /zm in
diameter (Fig. 13).

The remaining approximately 650

smaller secretory units (about 75 /zm in diameter) are
densely packed on the underside of the epithelium covering
almost the entire remaining preglottal part of the tongue,
including the preglottal protuberances and the walls of the
rostral and longitudinal preglottal grooves (Fig. 13).

Only an area along the preglottal fold is devoid of any
secretory units (Fig. 13).

The width of this area

presumably varies according to the changing depth of the
preglottal fold (see description of the preglottal part of
the tongue).

The secretory units appear to be the

structural element that determines the shape of the surface
of the preglottal part of the tongue.

In the bottom of the

longitudinal groove and preglottal groove are the biggest
and most densely packed secretory units, whereas at the
edges of the grooves are the smallest and the fewest.

The

densely packed secretory units at the bottom of the grooves
seem to determine the shape of the surface.

The field of

secretory units of the Gl. ling. caud. extends from the
lateral walls of the preglottal protuberance rostrally onto
the caudal part of the lateral surface of the lingual wing
as indicated by their orifices (Fig. 22).

The field of

secretory units also extends ventrally along the lateral
wall of the preglottal protuberance, so that the field of
orifices of the Gl. ling. caud. cannot be distinguished
from the ones of the Gl. mandibularis caudalis of the
paralingual floor in this area (Fig. 21).

3.1.3.6.

Glandula cricoarytenoidea
(NAA)

(Gl. cricoaryt.)

(Figs. 13 & 21)

The Gl. cricoarytenoidea is a paired gland with
approximately 100 secretory units of various sizes on each

side (Fig. 13).

In the caudal part of the laryngeal mound,

the secretory units are large (200-300

/im)

and are arranged

in a densely packed mass of secretory units that form a
main round part of which the caudal border supports the
laryngeal fold.

From the medial border of this main part,

a narrow band of secretory units extends in a rostrolateral
direction along the groove between the caudal ends of the
M. cricohyoideus and the M. dilator glottidis (Figs. 13 &
21).

The muscle fiber bundles of the lateral part of the

M. cricohyoideus attach to the connective tissue capsules
of the secretory units in the lateral part of the gland.
Several muscle fiber bundles of the M. dilator glottidis
attach to the medial part of the gland in the same way, and
muscle fiber bundles of the longitudinal layer of the
Lamina muscularis of the esophagus attach to the secretory
units along the caudal margin of the gland.

On each side,

the glandular orifices perforate the epithelium directly
overlying the glandular tissue (Fig. 21).

3.1.4.

Surface morphology of the oropharyngeal cavity

In birds, the oral and pharyngeal cavities are
difficult to distinguish because of the absence of a soft
palate or an oropharyngeal isthmus (Isthmus faucium,
ICVGAN, 1983), as are present in mammals (Hodges, 1974;
McLelland, 1975; McLelland, 1979), and they are here
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collectively referred to as the oropharyngeal cavity or
mouth cavity.
The organization of the wall of the mouth cavity
conforms to the basic pattern typical for the tubular
alimentary canal, consisting of the epithelium (Lamina
epithelialis mucosae), the propria (Lamina propria
mucosae), and the submucosa (Tunica submucosa). (The
terminology follows Heidrich, 1908; Banks, 1986; and
Homberger and Meyers, 1989).

The Lamina epithelialis

mucosae of the oropharyngeal cavity consists of stratified
squamous epithelium (Heidrich, 1908; Hodges, 1974;
McLelland, 1975; Starck, 1982).

It has commonly been

stated that, for the most part, the avian oropharyngeal
epithelium is not keratinized apart from certain areas that
are subject to considerable wear (Hodges for Gallus. 1974;
McLelland for domestic birds in general, 1975; Zweers for
Columba. 1982; etc.).

In contrast to these works, it has

been shown for Psittacus (Homberger and Brush, 1986) that
the areas with pliable epithelium previously considered to
be non-keratinized are, indeed, keratinized, albeit with a
type of keratin that differs from that contained in the
hard parts.

For the present study, the epithelia of the

different areas are simply referred to as soft or hard
epithelia.

The epithelium overlies the propria and the

submucosa, the latter two of which blend indistinguishably
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together because of the lack of a Lamina muscularis mucosae
in the mouth cavity (Heidrich, 1908).

3.1.4.1.

Palatum - palate

(NAA)

(Fig. 23)

The roof of the oropharyngeal cavity, the palate
(Palatum, NAA), extends from the tip of the maxillary
rhamphotheca to the transverse row of pharyngeal papillae
(Papillae pharyngeales, NAA; however, NAA, i.e., McLelland,
1979, uses this term also for the papillae at the caudal
border of the laryngeal mound, the Papillae laryngeales of
the present study).

These pharyngeal papillae mark the

boundary between the oropharyngeal cavity and the esophagus
(Fig. 23).

The palate can be divided into a rostral and a

caudal part, which are delimited from each other by the
transverse row of palatine papillae (Papillae palatinae,
NAA)

(Fig. 23).
The rostral part of the palate is bounded rostrally by

the edge of the maxillary rhamphotheca.

The hard cutting

edge of the maxillary rhamphotheca (Tomium maxillare, NAA)
narrows at about the midpoint between the tip of the
maxillary rhamphotheca and the angle of the mouth (Angulus
oris, NAA) and from there to the angle of the mouth, the
edge of the rhamphotheca is formed of more pliable
epithelium (Fig. 23).

Accordingly, the rostral part of the

palate to the level of the caudal end of the Tomia
maxillaria is covered by hard epithelium that gradually

becomes more pliable caudally.

Rostrally, the rostral part

of the palate bears several small, more-or-less parallel
ridges that extend toward the tip of the bill.

A prominent

midsagittal palatine ridge (Ruga palatina mediana, NAA)
extends from the rostral tip of the bill to a level
slightly caudal to the angle of the mouth, where it ends in
an elongated, rounded protuberance (Fig. 23) .

This

protuberance projects caudally into the rostral part of the
choanal slit (Choana; Pars rostralis, NAA).

The rostral

choanal slit extends caudally in the midsagittal line to
the row of palatine papillae.

The edges of the rostral

part of the choanal slit each bear 4-5 small papillae that
slightly overlap those of the contralateral side.
Rostrally, the rostral part of the choanal slit is
virtually closed because its edges are tightly apposed, but
caudally these edges diverge slightly (Fig. 23).

The two

contralateral transverse rows of caudoventrally directed
palatine papillae each consist of 2-3 short, broad spines
medially and 2-4 small papillae laterally.
A pair of prominent, rostrally converging, lateral
ridges (Rugae palatinae laterales, NAA) extend from the
palatine papillae toward the tip of the rhamphotheca.

From

their caudal end these ridges increase in height and are
highest at the level of the angle of the mouth, where they
overhang toward the midline.

From here, the ridges become

smaller and disappear at the level slightly rostral to the
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caudal end of the Tomia maxillaria (Fig. 23).

These two

contralateral ridges enclose an area into which the free
part of the tongue can fit.
The caudal part of the palate extends between the
palatine papillae and the pharyngeal papillae.

In its

rostral half, the wide caudal part of the choanal slit
(Choana; Pars caudalis, NAA) extends as a continuation of
the rostral choanal slit (Fig. 23).

The edges of the

caudal choanal slit diverge caudally in their rostral
three-fourths, where they overhang and thereby form a
ledge, and they converge in the caudal one-fourth, where
they slope down more gradually (Fig. 23).

The choana is

divided by a midsagittal choanal ridge (Ruga choanae, this
study), which extends rostrally deep into the
becomes continuous with the nasal septum.

choana and

At thecaudal

end of the choana, this choanal ridge is on the same plane
as the lateral margins of the choana.
Caudal to the choana lies the opening

of the

infundibulum (Rima infundibuli, NAA), at about the level of
the quadrato-mandibular articulation when the jaws are
closed (Fig. 23).

The oval opening of the Rima infundibuli

is bordered on each side by a lip-like epithelial rim.

The

contralateral rims fuse rostrally and their lateral margins
can be followed rostrad onto the ventrolateral surface of
the choanal ridge (Fig. 23).

Caudally, the rims of the

contralateral sides do not fuse but rather continue on each

side into a pharyngeal fold.

The caudal borders of these

pharyngeal folds extend roughly in a half-circle from the
rim of the Rima infundibuli to the lateral part of the roof
of the mouth, and they bear the pharyngeal papillae (Fig.
23).

Along the medial border, the papillae are small, but

along the caudal border, they are large, slightly bent
spines of a size comparable to that of the laryngeal
papillae (Fig. 21).

The pharyngeal folds are undercut by

the epithelium to such an extent that they virtually form
flaps attached to the palate only at the level of the
caudal border of the Rima infundibularis.

The glandular

orifices of numerous secretory units are spread over the
caudal part of the palate and the choana, but they have not
been studied in detail.

3.1.4.2.

Lingua - tongue

(NAA)

(Figs. 13, 21 & 22)

The avian tongue can be subdivided into its free part,
which extends from the lingual tip (Apex linguae, NAA) to
the lingual wings (Alae linguales, Homberger and Meyers,
1989; this study), and its preglottal part, which extends
between the caudal margin of the lingual wings and the
laryngeal mound (Mons laryngealis, NAA)

3.1.5.2.1.

(Figs. 13 & 21).

Free part of the tongue

The free part of the tongue is narrowly lanceolate
(Fig. 13).

In its caudal half, the cross-section is

triangular, with one side forming the dorsal surface
(Dorsum linguae, NAA) and the two ventrolateral sides
(Ventrum linguae, NAA) forming a ventrally pointing apex of
approximately 120°.

Toward the lingual tip, the

ventrolateral sides of the tongue gradually become more
rounded, so that the cross section of the tongue becomes
semicircular.

Caudally, the frenulum of the tongue

(Fenulum [sic] lingualis, NAA; Frenulum lingualis, this
study) connects the ventrally pointing apex of the Ventrum
linguae to the floor of the mouth (Figs. 21 & 22).

The

Dorsum linguae is smooth without any midsagittal groove.
Caudally, the Dorsum linguae is divided by the angle of the
tongue (Angulus alarum linguae, Homberger, 1986; this
study) into a pair of lingual wings (left side shown in
Figs. 13 & 21).

Each lingual wing is supported by the

caudal parts of the glandular bodies of the Gil. linguales
rostrales, which are medially attached to the caudal
processes of the entoglossal (Figs. 13 & 21).

Each lingual

wing is divided into a rostral and a caudal part by a
transverse row of lingual papillae (Papillae linguales,
NAA).

Medially, the paired rows of lingual papillae curve

rostrad toward the lingual angle.

The lingual papillae are

caudally projecting spines, some of which are slightly bent
medially or laterally.

The papillae closest to the midline

are more rounded than the ones farther laterally.

The

medial half of the row of papillae overhangs the caudally
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adjacent preglottal part of the tongue, and the lateral
half overhangs the rostral margin of the caudal part of the
lingual wing (Figs. 13 & 21).

The caudal part of the

lingual wing has a vertical caudal border and, therefore,
does not overhang the preglottal part of the tongue.

The

caudal part of the lingual wing bears a caudolaterally
directed, large, straight spine (Figs. 13 & 21).
The Ventrum linguae is covered by two different types
of epithelium.

In the rostral half of the Ventrum linguae,

the epithelium is a cornified epithelial cuticle, the
lingual nail (Cuticula cornea lingualis, NAA)

(Fig. 22).

The thickness of the lingual nail gradually decreases from
its rostral toward its caudal end.

The lateral edges of

the lingual nail extend almost to the rounded edges of the
Dorsum linguae (Fig. 22), and the caudal border of the
lingual nail extends caudally to the level of the rostral
tip of the glandular body of the Gl. lingualis rostralis.
In the caudal half of the Ventrum linguae, the
epithelium is pliable and of the same general appearance as
the lining of most of the mouth cavity.

Four or five small

ridges extend across the lingual frenulum in a caudolateral
direction (Fig. 22) and presumably flatten out when the
tongue is protracted.

Along the caudal one-fifth of the

free part of the tongue, the epithelium extends into the
slightly curved sulcus of the lingual wing (Sulcus alae
linguae, this study), which undercuts the lingual wing

almost horizontally (Fig. 22).

This sulcus becomes

increasingly deeper caudally, as it curves upward toward
the Protuberantia preglottalis of the preglottal part of
the tongue (Fig. 22, see description of preglottal part).
The Sulcus alae linguae separates the lingual wing from the
paralingual floor of the mouth, and it may allow the
lingual wing to be moved up and down relative to the
paralingual floor of the mouth.
The epithelium of the caudal half of the Ventrum
linguae is perforated by the orifices of the Gl. lingualis
rostralis.

On each side, 10-12 large glandular orifices

(about 50x50 /m; Fig. 22) are arranged in a longitudinal
row along the ventral border of the underlying glandular
body.

The most rostral glandular orifice is slightly

caudal to the caudal border of the lingual nail, and the
most caudal orifice is at the level of the lingual papillae
(Fig. 22).

About 20 smaller glandular orifices lie

dorsolateral to the larger ones, with most of them located
in the caudal half of the body of the Gl. lingualis
rostralis (Fig. 22).

At the level of the caudal part of

the lingual wing, numerous small glandular orifices open
onto the ventrolateral surface of the epithelium (Fig. 22).
These orifices form a continuous field with the glandular
orifices of the adjacent preglottal part of the tongue (see
descriptions of preglottal part of the tongue and Gl.
lingualis caudalis).
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3.1.5.2.2.

Preglottal part of the tongue

Unlike the free part of the tongue, the preglottal
part can change in shape and length, which is due to the
mobile relationship between the larynx and the lingual
apparatus.

As the larynx is being pulled toward or away

from the free part of the tongue, the length of the
preglottal part decreases or increases, respectively.

The

following is a description of the preglottal part of the
tongue as present in specimen TM 61732.
The preglottal part of the tongue extends between the
base of the lingual wings and the laryngeal mound, and it
is bordered laterally by the paralingual floor of the
mouth.

Rostrally, the preglottal part is delineated from

the free part of the tongue by a groove, the rostral
preglottal groove.

This groove is deepest laterally, where

it extends caudally to the vertical caudal border of the
caudal part of the lingual wing.

The groove is shallower

medially, where the lingual papillae project over it
(compare right and left side of Fig. 21, Fig. 22).
The preglottal part of the tongue has a pair of
peculiar protuberances (Protuberantiae preglottales, this
study) at its laterorostral corners (Figs. 13, 21 & 22).
Each protuberance has a round, convex surface that faces
mediodorsally.

Laterally, the epithelium is deeply

indented because the Sulcus alae linguae (see free part of
the tongue) curves dorsad into the lateral wall of the

preglottal protuberance (Fig. 22).

Medially, a

longitudinal preglottal groove separates the preglottal
protuberance from the more medial portion of the preglottal
part of the tongue (Figs. 13

&

21

).

This longitudinal

preglottal groove is deepest rostrally, where it
communicates with the rostral preglottal groove, and
flattens out caudally.

Caudally, the rounded convex

surface of the preglottal protuberance meets the adjacent
flat surface of the preglottal part of the tongue at a
right angle (Fig. 22).

The rostral part of the preglottal

part of the tongue is elevated above the laterally adjacent
paralingual floor, whereas farther caudally it slopes down
to the level of the paralingual floor.

The extent of the

elevation depends on the position of the hyoid apparatus.
The caudal border of the preglottal part of the tongue
is formed by the preglottal fold, which overhangs the
laryngeal mound (Figs. 13 & 21).

The preglottal fold

curves rostromedially on either side of the laryngeal mound
from a caudolateral position (Fig. 21).

The preglottal

fold is deepest rostromedially and gradually becomes a
shallow groove caudolaterally (Figs. 13 & 21).
Rostromedially, where the two contralateral halves of the
preglottal fold meet, a median protrusion extends caudad
into the rostral corner of the laryngeal cavity (Cavitas
laryngealis, NAA) and is attached to the floor of the
laryngeal cavity.

The extent to which the preglottal fold
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overhangs the laryngeal mound depends on the position of
the larynx relative to the lingual apparatus.

When the

larynx is pulled rostrally, the preglottal fold overhangs
the laryngeal mound to

a greater extent (Figs. 13 & 21).

The epithelium of almost the entire preglottal

part of

the tongue is perforated by numerous orifices of the Gl.
lingualis caudalis (Figs. 13 & 21).

Medially,

approximately 40 larger glandular orifices are less densely
arranged than the other, more than 600, smaller glandular
orifices, which are more or less evenly distributed over
the rest of the surface of the preglottal part of the
tongue, as well as over the entire surface of the
preglottal protuberance and the walls of the rostral and
longitudinal preglottal grooves.

From the lateral parts of

the preglottal protuberance, the fields of glandular
orifices of the Gl. lingualis caudalis are continuous with
those of the Gl. mandibularis caudalis on the paralingual
floor of the mouth (Fig. 21).

The fields of glandular

orifices also reach onto the lateral side of the most
caudal part of the lingual wing (Fig. 22).

An

the preglottal fold is devoid of any orifices.

area along
The width

of this area presumably varies according to the changing
depth of the preglottal fold.

The absence of glandular

tissue in this area may be necessary to keep the preglottal
fold pliable when it changes its depth.
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3.1.4.3.

Mons laryngealis - laryngeal mound

(NAA)

(Figs. 13 & 21)
The laryngeal mound is a structural unit that remains,
like the free part of the tongue, unchanged in shape and
extent, because the epithelium overlies the larynx and its
associated structures, e.g., the laryngeal skeleton, the M.
dilator glottidis, the Gl. cricoarytenoidea, and the
arytenoid cartilages.

The laryngeal mound projects

rostrally underneath the preglottal fold and is bordered
caudally by the laryngeal folds, which bear the laryngeal
papillae (Papillae laryngeales, Homberger and Meyers, 1989;
this study).

(NAA, i.e., McLelland, does not differentiate

between the laryngeal and the pharyngeal papillae of this
study and calls both Papillae pharyngeales).

The lateral

border of the laryngeal mound extends from the lateral end
of these laryngeal papillae rostrad and curves medially
underneath the preglottal fold.

The contralateral sides of

the laryngeal mound are separated from each other by the
glottis rostrally and by the midsagittal laryngeal fissure
(Sulcus laryngealis, NAA; Sulcus laryngis, White in Getty,
1975), which extends caudally from the glottis.

The

glottis is surrounded by smooth epithelium that overlies
the M. dilator glottidis.

Lateral to the laryngeal

fissure, the epithelium overlies the Gl. cricoarytenoidea
and is perforated by about 30 small glandular orifices
(about 20x20 /Ltm) of this gland.

Caudally, the glandular
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tissue of the Gl. cricoarytenoidea supports the laryngeal
fold.

Medially, this transverse fold curves rostrad along

the medial border of the laryngeal gland (Figs. 13 & 21).
The approximately 10 caudally projecting laryngeal papillae
on each side of this fold are two to three times as long as
the lingual papillae and are more pointed (Figs. 13 & 21).
In the area between the medial border of this fold and the
laryngeal fissure, 5-7 rather large papillae are attached,
with their bases partly overlying one another.

The largest

and most dorsal spine is supported by the caudal process of
the arytenoid laryngeal cartilage
cartilaginis arytenoideae, NAA).

(Processus caudalis
At the base of this spine

are three papillae that point rostrad, and another
rostrally directed spine is situated at the laterocaudal
corner of the laryngeal mound (Fig. 21).

Ventral to, and

therefore mostly covered by, the most medial laryngeal
papillae is a small, flap-like fold of epithelium that
bears 3-4 papillae (Fig. 21).

3.1.4.4.

Floor of the mouth

(Fig. 21)

For descriptive purposes, the floor of the mouth can
be divided into two parts, the sublingual and the
paralingual floors, although there is no sharp borderline
between them.

The sublingual floor of the mouth extends

between the two contralateral mandibular rami from the
rostral tip of the mandibular rhamphotheca to the angle of

105
the mouth and the Frenulum lingualis (Fig. 21).

The

paralingual floor is paired and extends caudally from the
sublingual floor and laterally to the preglottal part of
the tongue and the laryngeal mound.

Laterodorsally, the

paralingual floor extends toward the palate and forms the
lateral wall of the mouth cavity.

Caudally, the

paralingual floor is not sharply distinguished from the
esophagus.
The rostral one-third of the sublingual floor, the
hard sublingual floor, is formed by the rhamphotheca
overlying the oral surface of the mandibular symphysis
(Fig. 22).

The caudal two-thirds, the soft sublingual

floor, are covered with pliable epithelium.

The lateral

walls of the trough-shaped soft sublingual floor are almost
vertical where they lie against the medial surface of the
mandibular rami, whereas the medial floor is supported by
soft tissue, such as the Gl. mandibulares rostrales.

A

narrow, midsagittal strip (less than 0.5 mm wide) that
extends from the rhamphotheca to the lingual frenulum has a
distinctly smooth appearance and is devoid of any grooves,
folds or glandular orifices (Fig. 21).

A pair of

distinctive, longitudinal epithelial ridges (Rugae
sublinguales, this study) lie in the rostral half of the
soft sublingual floor.

These ridges are on the slope of

the trough-shaped floor about midway between the
midsagittal line and the margin of the mouth.

When the

soft sublingual floor is stretched horizontally (as for
Fig. 21) , the caudal end of the ridges are approximately
1.5 mm lateral to the midsagittal line, and they converge
only slightly rostrally, where they flatten out before
reaching the hard sublingual floor.

The ridges rise almost

1 mm above the surrounding surface and are approximately
0.5 mm wide and 2.5 mm long.

Because of their location on

the slopes of the trough-shaped sublingual floor, these
ridges are overhanging toward the midline and, thereby,
enclose a channel into which the tip of the tongue fits.
The function of the ridges may be related to a restriction
of the dispersal of the secretory products of the Gl.
mandibulares rostrales (see below) because the large
glandular orifices of these glands open between the two
contralateral ridges (see discussion).
On either side of the median smooth strip of the
sublingual floor, about 30 orifices of the Gl. mandibulares
rostrales are located (Fig. 21).

These are the largest

glandular orifices in the oral cavity, ranging from 100x100
jxm to 200x500 jum.

On each side, the orifices are arranged

in a medial and a lateral row with a total of only 4-5
orifices dispersed irregularly between these two rows (Fig.
21, and compare to Fig. 24).

The medial row follows the

medial border of the glandular body, whereas the lateral
row lies in the middle of it.

Interspersed among the

orifices of the Gl. mandibularis rostralis are the small

107
orifices of the single secretory units of the Gl.
mandibularis caudalis (Fig. 21) that closely adhere to the
underside of the epithelium.

Some of these are

concentrated around some of the large glandular orifices of
the medial row of the Gl. sublinguales (Fig. 21).
The paralingual floor of the mouth is characterized by
longitudinal grooves and ridges even when it is stretched.
The two most medial grooves extend throughout the entire
length of the paralingual floor.

Lateral to these, one

groove extends only through the caudal half of the
paralingual floor, whereas farther rostrally, three grooves
extend through its rostral half.

Most of the grooves

flatten out gradually at their rostral end along with the
ridges bordering them.

Two of the shorter, lateral grooves

in the rostral half of the paralingual floor have a
pointed, caudal end where the bordering ridges converge and
fuse (Fig. 21).

In the caudal half of the paralingual

floor, two ridges bear few small, rounded, pliable
papillae, which can also be found in the floor of the
esophagus.

A distinct feature of these grooves is that the

glandular orifices of the Gl. mandibularis caudalis are
concentrated in, although not restricted to, them (Fig.
21).

In those cases where the grooves flatten out

gradually, the fields of orifices extend beyond the ends of
the grooves (e.g., in the rostrolateral part of the
paralingual floor).

Medially, where the paralingual floor
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borders the rostral part of the preglottal part of the
tongue, the orifice fields of the 61. mandibularis caudalis
cannot be delimited from the ones of the Gl. lingualis
caudalis (Fig. 21).

At the caudal border of the

paralingual floor, the orifice fields of the Gl.
mandibularis caudalis cannot be delimited from those of the
esophagus because the entire surface of the esophagus is
evenly covered with the orifices of the esophageal mucous
gland (Fig. 21).

3.2. Short-description of Pterocles decoratus
Skeletal elements:

The entoglossal is similar in shape to

that of Pt. namaoua. but it is shorter and stouter overall.
The same can be said for the other elements, and only the
epibranchial differs in a structural aspect.

The

rostrodorsally facing surface of the epibranchial bears a
groove, giving this element a bean-shaped cross section
rather than the oval cross section it has in Pt. namaqua.
The shape of the articulations and the degree of the
movements they and the articular capsules allow is similar
to the conditions in Pt. namaoua.
Musculature:

The M. constrictor colli pars cervicalis is

in most aspects similar to the one in Pt. namaqua.

It

enwraps the neck like a sleeve with circularly arranged
muscle fiber bundles, which are, however, less densely
packed than in Pt. namaoua. and its rostral border does not
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reach as far onto the dorsocaudal surface of the head as in
P t . namacrua.

The dorsal aponeurosis is virtually identical

in shape and extent and at its caudal apex the aponeurosis
is fused with the underlying connective tissue sheet that
connects the two contralateral halves of the M. cucullaris
capitis with each other.

Caudal to the aponeurosis, the

muscle fiber bundles are continuous across the middorsal
line as in Pt. namaqua.

The caudal extent is also similar

to Pt. namaoua with the caudal border of the muscle
overlying the rostral part of the crop.
The M. constrictor colli pars intermandibularis
differs more significantly from the one in Pt. namaqua than
does any other muscle. It originates from the base of the
skull and the adjacent strong fascia of the M. depressor
mandibulae, where this fascia attaches to the skull.
Although this seems to be a great deviation, it can be
easily pictured that the origin of the M. constr. colli
interm, shifted from the retroarticular process along the
superficial fascia of the M. depressor mandibulae to the
base of the skull.

The muscle still performs the same

function of forming a sling for the caudal intermandibular
region including the esophagus and trachea, and for
redirecting the M. sternohyoideus.
The M. intermandibularis is similar in all its aspects
to the one in Pt. namaqua.

The origin on the medial

surface of the mandible, however, is less intricate.

The
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course and the attachment on the midventral connective
tissue intersection are virtually identical, with its
caudomedial apex overlying the rostromedial apex of the M.
serpihyoideus.

The connective tissue intersection of the

M. intermandibularis is even in width in its caudal twothirds and about half the width of the rostral one-third.
The connective tissue intersection is fused caudally to the
raphe of the M. serpihyoideus as in Pt. namaqu a .
The M. branchiomandibularis can be separated into a
rostral and a caudal part, although the borders of these
two parts follow each other closely.

The caudal part

arises from the lateral surface of the mandible along the
attachment site of the M. adductor mandibulae externus, but
the most rostral muscle fibers reach the ventral edge of
the mandibular ramus.

The course of this part of the M.

branchiomandibularis over the ventral edge of the mandible
and along the hyoid horn, as well as the attachment on the
epibranchial are virtually identical to the condition in
Pt. namaoua.

The rostral part of this muscle arises for

the most part along the ventral edge of the mandibular
ramus and only relatively few muscle fibers arise farther
dorsally from the medial surface of this element.

The

course of the muscle fibers along the mandible and then
along the hyoid horn, including the intricate fashion in
which it is wrapped around this element, are virtually the
same as in Pt. namaoua.

In addition, the way these two
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parts of the muscle are enwrapped by connective tissue
sheets along the hyoid horns is also similar to the
condition in Pt. namaoua.
The M. genioglossus is similar in most of its aspects,
although its two contralateral halves extend in their
rostral parts as two separate bands rather than forming a
single sheet of evenly spaced muscle fibers as in Pt.
namaoua.

Besides this minor difference, the origin from

the rostral aponeurosis, the course along the dorsal
surface of the M. intermandibularis, the redirection around
the inner surface of the lingual frenulum, and finally the
insertion on the ventral edge of the cornua of the
entoglossal are virtually identical to the condition in Pt.
namaqua.
The M. serpihyoideus is in all its aspects virtually
identical to the one in Pt. namaqua.

As in Pt. namaqua.

the rostral tip of the midventral raphe is fused ventrally
with the connective tissue intersection of the M.
intermandibularis, the rostral half of the raphe is fused
dorsally with the raphe of the M. interceratobranchialis,
and from the caudal half of the raphe there extends a
connective tissue sheet toward the lateral surface of the
cricoid cartilage.
For the M. stylohyoideus, no substantial differences
were observed compared to Pt. namaoua.

The origin on the

retroarticular process, its course rostromedially toward
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its insertion on the lateral surface of the rostral part of
the basibranchial are all virtually identical.
For the

M.

interceratobranchialis, the following

features were observed to be virtually identical:

its

origin on the ventrolateral surface of the caudalmost part
of the ceratobranchial and the adjacent area of the
articular capsule, its course around the ventral surface of
that element rostromedially toward its insertion on the
midventral raphe, and the fusion of this raphe to the
rostral half of the raphe of the M.

serpihyoideus.

The M. ceratoglossus also does not show any
significant difference from the one in Pt. namaqua. It
originates from almost the entire circumference of the
caudal part of the ceratobranchial.

The muscle fibers

insert onto a superficial fascia that turns into a round
tendon rostrally.

This tendon attaches to the ventral

surface of the entoglossal lateroventrally to the
articulation with the basibranchial.
The M. hypoglossus obliquus is similar to the one in
Pt. namaqua

with one noteworthy difference.

The

midventral raphe overlies the ventral ridge of the
basibranchial, as it does in Pt. namaqu a . but the rostral
half of the raphe is fused to the periosteum of this
element, so that only the caudal half of the raphe is
moveable with respect to the basibranchial.

The muscle
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fibers attach to the ventromedially directed surface of the
cornua of the entoglossal as in Pt. namaqua.
The M. hypoglossus rostralis is similar to the one in
Pt. namaqua. but appears to be stronger.

The muscular body

is more bulged and the muscle fibers extend farther
rostrally than in Pt. namaoua.

The origin and insertion

are identical to the ones in Pt. namaqua.
The M. cricohyoideus is virtually identical to the one
in Pt. namaqua.

Caudally, it attaches to the cricoid

cartilage for the most part and several muscle fiber
bundles attach to the lateral part of the Gl.
cricoarytenoidea as in Pt. namaqua.

Rostrally, the

attachment to the lateral surface of the basibranchial is
similar in extent and location to the one in Pt. namaqua.
The M. sternohyoideus is virtually identical to the
one in Pt. namaqua.

It originates from the Carina sterni,

covers the ventral surfaces of the crop and neck as it
extends rostrally.

It splits into its two contralateral

halves in the gular region, and each half splits into a
medial and lateral slip as in Pt. namaqua.

The lateral

slip attaches mostly to the ventral surface of the M.
branchiomandibularis rostralis and a small portion (onefifth) of this lateral slip extends around the rostral
border of the M. ceratoglossus and attaches to the
connective tissue of the floor of the mouth, a condition
virtually the same as in Pt. namaqua.

The medial slip

attaches to the ventral surface of the cricoid cartilage as
in Pt. namaoua.
Glands;

The Gl. mandibularis rostralis is a compact

glandular body as in Pt. namaqua. with the same spacial
relationships to the surrounding structures.

The

connecting ducts are restricted to the medial half of the
glandular body, and the glandular orifices lie medially and
caudomedially to the Ruga sublingualis as in Pt. namaoua.
The Gl. mandibularis caudalis consists of a similar number
of secretory units concentrated in the longitudinal grooves
of the paralingual floor and spread over the sublingual
floor of the mouth.

The Gl. lingualis rostralis is wedged

between the entoglossal, the Dorsum linguae and the Ventrum
linguae of the free part of the tongue as in Pt. namaqua.
The glandular orifices are restricted to the
lateroventrally directed surface of the Ventrum linguae,
with a row of larger openings along the ventral border of
the gland as in Pt. namaqua.

The Gl. mandibularis caudalis

consists of a similar number of secretory units as in Pt.
namaqua.

Medially, however, there are fewer larger

secretory units than in Pt. namaqua and the remaining
smaller secretory units are spread evenly over the entire
preglottal part, including the area adjacent to the
preglottal fold.

This differs from the condition in Pt.

namaqua. in which a narrow strip along the rostral border
of the preglottal fold is void of any secretory units.

Laterally, the fields of secretory units become continuous
with the ones of the Gl. mandibularis caudalis.

Caudally,

they become continuous with those of the Gl.
cricoarytenoidea.

The Gl. cricoarytenoidea is similar to

the one in Pt. namaqua as it forms a compact body of larger
secretory units in the caudal part of the laryngeal mound
that supports the laryngeal papillae.

The secretory units

gradually become smaller as they extend farther rostrally
along the caudal border of the preglottal fold.

From the

rostromedial border of the laryngeal mound, the secretory
units extend caudally along the rim of the glottis,
overlying the arytenoid cartilage in the same way as in Pt.
namaqua.
Surface morphology of the oropharyngeal cavity:

The palate

is similar in all aspects to the one in Pt. namaqu a .

The

Rugae palatinae laterales and the Ruga palatina mediana are
virtually identical in shape and extent to the ones in Pt.
namacrua.

The median ridge ends caudally in a knob-like

structure that protrudes into the rostral end of the choana
as in Pt. namaqua.

This rostral part of the choana,

however, is not completely closed, contrary to the
condition in Pt. namaoua. because the lateral margins leave
a narrow slit between them.

This way it can be observed

that the caudal border of the nasal septum extends
vertically from the knob-like structure mentioned above.
The Papillae palatinae are very similar in size and shape
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to the ones in Pt. namaqua.

The Papillae pharyngeales are

situated at the caudal rim of a disc-like flap as in Pt.
namaoua. however they are comparatively smaller in size.
The median margin of this disc-like flap surrounds the Rima
infundibuli; however, it doesn't form a lip-like rim.
The free part of the tongue is generally similar to
the one in Pt. namaqua but shorter, giving it the
appearance of being a stouter version of the one in Pt.
namaqua.

The dorsal surface bears a median sulcus that

reaches slightly beyond the midlength of the tongue
rostrally but does not reach the Angulus alarum linguae
caudally.

The row of lingual papillae is more straight and

transversely oriented than in Pt. namaqua. and the single
spine of the caudal part of the lingual wing is not as
large as in Pt. namaqua.

The preglottal grooves and the

preglottal protuberance are not as pronounced, although
similar in shape and extent.

The preglottal fold describes

the same curve laterocaudally as in Pt. namaqua. marking
the laterorostral border of the laryngeal mound.

Medially,

the preglottal fold protrudes into the rostral end of the
glottis to attach to the floor of the laryngeal cavity in
the same way as in Pt. namaqua.

The caudal border of the

laryngeal mound is formed by a row of laryngeal papillae,
which are fewer in number and shorter laterally, and more
numerous medially as compared to Pt. namaqu a .
papillae are directed rostrally.

None of the

The caudal process of the
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arytenoid cartilage is not protruding into one large median
papilla, as in Pt. namaoua. but rather ends bluntly in the
base of a "field" of several smaller papillae.
The sublingual and paralingual floor of the mouth are
marked by longitudinal grooves and folds, which are
generally similar to the ones in Pt. namaoua.

The Ruga

sublingualis is of the same size and shape as in Pt.
namaqua. and it reaches rostrally to the caudal end of the
hard sublingual floor of the mouth.

3.3. Short-description of Pterocles gutturalis
Skeletal elements;

The elements of the hyoid apparatus are

strikingly similar to the ones of Pt. namaqua.

One small

difference is in the shape and extent of the cartilaginous
rim on the caudal part of the basibranchial.

The cartilage

is restricted to the caudalmost quarter of this element,
giving the caudal end the appearance of a small spatula.
The articulations and the degree of movements allowed by
them and by the articular ligaments are similar to the ones
in Pt. namaoua.
Musculature;

The following muscles had already been

removed partially or completely with the skin by the
collector;

M. constrictor colli pars cervicalis, M.

constrictor colli pars intermandibularis, M. cucullaris
capitis, M. cucullaris cervicis and M. sternohyoideus.
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The M. intermandibularis is similar in all its aspects
to the one in Pt. namaqua.

The origin on the medial

surface of the mandible is virtually identical, with the
caudal part set apart ventrally and the most caudal muscle
fibers arising from a connective tissue band that extends
over the muscle fiber bundles of the M. pseudotemporalis
profundus.

The insertion on the midventral connective

tissue intersection is also similar, but the most caudal
muscle fiber bundles are more obliquely oriented than the
ones in Pt. namaqua.

The width of the connective tissue

intersection is more constant than in Pt. namaqua. and the
connective tissue intersection is fused caudally to the
underlying raphe of the M. serpihyoideus, as it is in Pt.
namaqua.
The two parts of the M. branchiomandibularis are
separate units over their entire lengths as in Pt. namaqua.
The M. branchiomandibularis caudalis is similar in all
aspects, except that the insertion on the epibranchial
extends farther rostrally along this element up to the
Synchondrosis intracornualis.

The origin of the M.

branchiomandibularis rostralis is located on the medial
surface of the mandible around the Fenestra mandibulae
rostralis as in Pt. namaqua.

However, the site of

attachment is split into only two patches: a small, rostral
one reaching the ventral edge of the mandibular ramus (as
in Pt. namaqua), and a large dorsocaudal one bordered
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dorsally by the site of attachment of the M.
intermandibularis and ventrally by the Fenestra mandibulae
rostralis.

The course of the muscle, the manner in which

it wraps around the hyoid horn, and the insertion on the
epibranchial are similar to the condition in Pt. namaoua.
Where it extends along the hyoid horn, the M.
branchiomandibularis (with its two parts) is enwrapped by
connective tissue sheets in the same way as in Pt. namaqua.
The M. genioglossus is similar to the one in Pt.
namaoua in all its aspects.

It is broadest rostrally,

where it originates from its broad aponeurosis.

It extends

caudally along the ventral surface of the Gl. mandibularis
rostralis and is redirected to a dorsal orientation around
the inside of the lingual frenulum to reach its site of
insertion on the cornua of the entoglossal.

The muscle

fibers insert, however, on the caudal half of the cornua,
i.e., more caudally than they do in Pt. namaoua.
The M. serpihyoideus is similar in all its aspects to
the one in Pt. namaqua.

It arises from the lateral surface

of the retroarticular process of the mandible and extends
mediorostrally to insert on its midventral raphe.
orientation is more oblique than in Pt. namaqua.

Its
Its raphe

is fused to the overlying connective tissue intersection of
the M. intermandibularis, as it is in Pt. namaoua. but the
extent of overlap of these two muscles is slightly greater
in Pt. gutturalis than in Pt. namaoua.

The rostral part of
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the raphe is fused with the underlying raphe of the M.
interceratobranchialis.

To the caudal part of the raphe, a

connective tissue band attaches that extends from there to
the lateral side of the cricoid cartilage, a condition that
is again virtually identical to the one in Pt. namaqua.
The M. stylohyoideus is virtually identical to the one
in Pt. namaoua.

It arises from the laterocaudal surface of

the retroarticular process of the mandible and inserts on
the lateral surface of the basibranchial.

However, the

site of insertion is more restricted in Pt. gutturalis.
being a narrow strip along the ventral edge of the lateral
surface, bordered dorsally over its entire length by the
attachment site of the M. cricohyoideus.
The M. interceratobranchialis is virtually identical
to the one in Pt. namaoua.

It originates from the most

caudal part of the ceratobranchial, from a small area on
the ventral and lateral surface of this element, and from
the articular capsule of the adjacent Synchondrosis
intracornualis.

The course and the insertion on its

midventral raphe are similar to the ones in Pt. namaoua.
although the muscle fibers are slightly more oblique than
in Pt. namaoua.

The raphe is, as in Pt. namaoua. fused to

the rostral part of the overlying raphe of the M.
serpihyoideus.
The M. ceratoglossus has a slightly different origin
on the ceratobranchial than it has in Pt. namaqua.

The
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site of origin is restricted in Pt. gutturalis to a narrow
strip, extending in a spiraling manner around the
ceratobranchial from the caudolateral to the rostromedial
surface of the ceratobranchial.

The muscle takes the same

course as in Pt. namaqua and inserts with a strong, round
tendon on the Os entoglossum lateroventrally to the Arte,
entoglosso-basibranchialis as in Pt. namaoua.
The M. hypoglossus obliquus is virtually identical in
all its aspects to the one in Pt. namaoua.

The muscle

fibers originate from the medioventral surface of the
cornua of the entoglossal and insert on a midventral raphe.
The raphe abuts against the ventral ridge of the
basibranchiale and is only movably anchored to this element
as in Pt. namaoua.
The M. hypoglossus rostralis is virtually identical to
the one in Pt. namaoua.

The only minor difference is that

its origin is restricted to the bony part of the Os
entoglossum.
The M. cricohyoideus is similar in all aspects,
although the site of attachment on the basibranchial is
more extensive than in Pt. namaoua.

The site of attachment

extends along the lateral surface of the basibranchial from
the Arte, ceratobasibranchialis to the Arte, entoglossobasibranchialis.

It is bordered ventrally along its entire

length by the site of attachment of the M. stylohyoideus.
The attachment on the cricoid cartilage and on the
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connective tissue capsule of the Gl. cricoarytenoidea are
virtually identical to the ones in Pt. namaoua.
The caudal part of the M. sternohyoideus had been
removed with the skin up to the gular region.

The part

present is split into two contralateral halves, each of
which is split again into a lateral and medial slip.

The

lateral slip attaches only to the ventral surface of the M.
branchiomandibularis rostralis and not also the floor of
the mouth, as is the case in Pt. namaoua.

The medial slip

attaches to the ventral surface of the cricoid cartilage
with a main portion as in Pt. namaoua. but several muscle
fiber bundles also attach separately onto the lateral
surface of this element.
Glands:

The glandular body of the Gl. mandibularis

rostralis is virtually identical in all aspects to the one
in Pt. namaqu a .

Each of the two contralateral halves is

separated from the underside of the epithelium of the mouth
cavity by loose connective tissue in its lateral half, but
is tightly connected in its medial half as in Pt. namaqua.
The secretory units are convoluted in the caudal one-fourth
of the glandular body and straight and obliquely oriented
in its rostral three-fourths.

The connecting ducts are

arranged in two to three rows and are restricted to the
medial half of the glandular body.
The secretory units of the Gl. mandibularis caudalis
are as numerous as in Pt. namaoua.

On the sublingual floor
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of the mouth, they are interspersed among the larger
orifices of the Gl. mandibularis rostralis as in Pt.
namacma.

In the paralingual floor of the mouth, they seem

to be less concentrated in the longitudinal grooves as
compared to Pt. namaqua.
The Gl. lingualis rostralis is situated in the same
position as in Pt. namaqua. namely wedged between the
entoglossal, the Dorsum linguae, and the Ventrum linguae.
The glandular orifices open along the lateroventral side of
the free part of the tongue as in Pt. namaqua.
The secretory units of the Gl. lingualis caudalis are
as numerous as in Pt. namaqua but are evenly distributed
over the entire preglottal area, including the preglottal
fold.

Along the midline, the secretory units are of the

same size as farther laterally, unlike in Pt. namaqua.
The Gl. cricoarytenoidea does not form a distinct
caudal glandular body as it does in Pt. namaqua.

Instead,

the secretory units are spread more evenly over the entire
laryngeal mound.

Caudally, the slightly larger secretory

units support the laryngeal papillae, and the connective
tissue capsules serve as sites of attachment for muscle
fibers of the M. cricohyoideus and the M. dilator
glottidis, and for the longitudinal layer of the Lamina
muscularis of the esophagus.
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Surface morphology of the oropharyngeal cavity;
The palate is similar to the one in Pt. namacma.

The

minor differences observed are restricted to the size of
structures and their proportions.

The Rugae palatinae

laterales are virtually identical in their extent but are
not quite as much inclined toward the midline.

The Ruga

palatina mediana is virtually identical and ends caudally
in the same knob-like structure that protrudes into the
rostral corner of the rostral part of the choana.

The

margins of this Choana, pars rostralis, however, are not
apposed as in Pt. namaqua but leave a narrow slit.

Through

this slit it can be seen that the caudal border of the
nasal septum extends vertically from the knob-like
structure at the rostral corner of the Choana, pars
rostralis.

The Papillae palatinae, although similar in

number and shape, are slightly smaller than those in Pt.
namaqua.

The Papillae pharyngeales are situated along the

caudal rim of a disc-like flap, the medial border of which
extend rostrally to surround the Rima infundibuli as in Pt.
namaqua. although not in form of a lip-like rim.
The free part of the tongue is similar to the one in
Pt. namaqua in most aspects.

The medial Papillae linguales

are not as large as in Pt. namaqu a.

The Ala linguae

caudalis is not set apart as distinctly and is directed
more laterally.
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The preglottal part of the tongue shows the same
general arrangement, although the preglottal grooves are
not as deep and distinct as in Pt. namaqua. and the
preglottal protuberance is not as rounded and bulging.

The

median fold at the caudal end of the preglottal part
extends into the rostral corner of the glottis to attach to
the floor of the laryngeal cavity in the identical way as
in Pt. namaqua.
The laryngeal mound is bordered caudally by the
Papillae laryngeales, which are not as large as the ones in
Pt. namaqua. and none of them is directed rostrally.

3.4. Synopsis of the functional interpretation of the
lingual apparatus of sandgrouse
The movements of the tongue with respect to the
mandible are a combination of the following movements:
protraction and retraction of the lingual apparatus;
raising and lowering of the entire lingual apparatus
(together with the intermandibular region); raising and
lowering of the lingual tip

only.

The tongue is being

protracted by the action of both parts of the M.
branchiomandibularis, the M. interceratobranchialis in
conjunction with the caudal part of the M.
intermandibularis, and the M. genioglossus.

The tongue is

being retracted by the action of the M. stylohyoideus, and
the combined action of the M. cricohyoideus and M.

sternohyoideus.

The raising of the intermandibular region

and thereby of the entire tongue is accomplished by the
action of the rostral part of the M. intermandibularis, the
combined action of the caudal part of the M.
intermandibularis and the M. serpihyoideus, and the M.
constrictor colli pars intermandibularis.

The lowering of

the intermandibular region can be achieved by pulling the
lingual apparatus ventrally, which is accomplished through
the combined action of the M. branchiomandibularis, the M.
cricohyoideus and the M. sternohyoideus.

The raising and

lowering of the tip of the tongue alone with respect to
rest of the lingual apparatus is due to the action of the
intrinsic lingual muscles.

The tip of the tongue is raised

by the action of the M. hypoglossus obliquus and lowered by
its antagonist, the M. ceratoglossus.

In addition, the tip

of the tongue can be bent ventrally by the action of the M.
hypoglossus rostralis.

4. COMPARISON TO OTHER SPECIES
In the following section, the morphological and
functional data of the sandgrouse will be compared with
data from the literature of other groups of birds.
Emphasis is laid on the functional organization of the
organ system, rather than on morphological details.

This

comparison has been limited to the chicken, three species
of pigeons, and the plovers as a group.

For the chicken

(Gallus gallus), one detailed morphological study exists
that is well suited fox' this purpose (Homberger and Meyers,
1989).

Other works on the chicken have been reviewed but

they all have been integrated and analyzed in the above
mentioned work.

For the pigeons, two detailed studies

exist for the domestic pigeon

(Columba

livia)

(Bhattacharyya, 1980; Zweers, 1982) and one study for two
species of Imperial Pigeons

(Ducula

aenea nicobarica and

Ducula badia insignis) (Bhattacharyya, 1990).

These three

studies are morphological studies including more-or-less
detailed functional interpretations.

The study on the

plovers (Burton, 1974) is less detailed, obviously because
it had a different scope when it compared 117 species of
that group.

Nevertheless, it can serve as a basis for a

preliminary comparison.
Pigeons:

A comparison with the sandgrouse reveals some

minor morphological differences.

For example, both parts

of the M. branchiomandibularis arise from the medial
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surface of the mandibular ramus, ventral to the origin of
the M. intermandibularis.

The M. genioglossus seems not to

attach to the cornua of the entoglossal and has three
separate slips in Columba.

Other differences exist in the

size and exact location of muscle attachment sites and
proportions of structures.

However, more significant is

the fact that the functional organization of the system is
identical to the one in the sandgrouse.

In particular the

pair of muscles that raises the intermandibular region is
the same, consisting of the M. intermandibularis and the M.
serpihyoideus.

Also is the M. interceratobranchialis

connected to the raphe of this muscle pair and thereby is
an extrinsic lingual muscle that can protract the tongue
upon simultaneous contraction of the M. intermandibularis.
The two muscles described by Zweers (1982) as M.
claviculohyoideus and M. claviculoglandularis appear to be
the M. sternohyoideus medialis et lateralis of this study.
Plovers;

The description is less detailed and some

information had to be inferred from drawings and functional
comments.

Nevertheless, it is useful to this comparison

because the underlying functional organization of the
lingual apparatus of the plovers can be extracted.

As in

the sandgrouse and the pigeons, the M.
interceratobranchialis is connected via its raphe to the M.
serpihyoideus and the raphe of this muscle is connected to
the M. intermandibularis.

This way the M.

intermandibularis and the M. serpihyoideus combined raise
the intermandibular region, and the M. intermandibularis
and M. interceratobranchialis combined protract the tongue.
Some differences between the lingual apparatus of plovers
and sandgrouse concern muscle attachment specifics, muscle
fiber direction, and surface morphology.
Chicken:

Although the muscles, skeletal elements, and

surface structures in their general appearance are not more
different from those of the sandgrouse than are those of
the pigeons or plovers, the functional organization is
markedly different.

In particular the pair of muscles that

raises the intermandibular region is comprised of the M.
constrictor colli pars intermandibularis and the M.
intermandibularis.

The M. serpihyoideus in the chicken is

not connected to the M. intermandibularis but rather to the
basibranchial bone.

This way the M. serpihyoideus becomes

an extrinsic lingual muscle and can act as a tongue
retractor.

As a result of the disassociation of the M.

serpihyoideus from the M. intermandibularis, the M.
interceratobranchialis is also not connected to the M.
intermandibularis and, therefore, can not act as a tongue
protractor.

It seems that the function of the M.

interceratobranchialis is limited to pulling the
ceratobranchials closer together.

Another striking

difference, although with no apparent consequence for its
function, is the course of the M. branchiomandibularis

rostralis.

The most rostral part of this muscle extends

mediodorsally to the M. intermandibularis (i.e., "inside"
of the sling formed by the M. intermandibularis), in
contrast to the condition in the three other groups, where
the M. branchiomandularis rostralis extends lateroventrally
to the M. intermandibularis.

5. DISCUSSION
The comparison of the data on the internal structures
of the lingual apparatus of the sandgrouse with those of
the other groups shows that the chicken has a distinctly
different functional organization of certain parts of this
system as compared to the three other groups.

It seems

promising and therefore desirable to gain a more
comprehensive understanding of the variability and
distribution of these types of functional organization in a
larger number of groups of birds.

Currently it can not be

decided whether this finding is indicative of phylogenetic
relationships, i.e., whether the functional organization in
the sandgrouse, pigeons and plovers is a synapomorphy, or
not.

The first alternative appears to be the more likely

one because it would be a corroboration of the now
universally accepted idea that the sandgrouse are more
closely related to the Charadriiformes and Columbiformes
rather than to the Galliformes.
Feeding and drinking methods:
The lingual apparatus plays a vital role in the
feeding and drinking mechanisms of most birds.

It is

generally understood that the external as well as internal
structures of the lingual apparatus have evolved in
response to specific selection pressures related to the
diet.

In contrast, different drinking methods have often

been explained as adaptations to external selection forces,
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e.g., living in arid environments.

Only in the last one

and a half decades, and for the most part by Zweers and his
co-workers, have changes in drinking methods been described
"as channeled by selection on feeding aspects" (Heidweiller
et al., 1992)

(Homberger, 1980 and 1983; Zweers, 1982b and

1985; Kooloos and Zweers, 1989; Heidweiller and Zweers,
1990 and 1992; Heidweiller et al., 1992).
Zweers (1982a) described for the pigeon feeding on
small seeds a "siide-and-glue mechanism".

In the

sandgrouse, which feed mainly on small seeds, all
morphological structures required for this mechanism are
present.

However, no detailed observations on the feeding

mechanism in this group have been made.
The drinking mechanisms of birds are still little
understood.

Although a number of studies have been

performed (again almost exclusively by Zweers and his co
workers) with highspeed cinematography and radiography,
iluminating the movements of structures involved, some
crucial aspects still need to be resolved more
convincingly.

Heidweiller and Zweers (1990) were able to

overcome the old categorization of avian drinking methods
in tip-up drinking and suction drinking and "have shown
that [it] may alternatively be based upon the fact that
drinking is a process with two steps (): (1) intake of
water into the oropharynx; (2) transport of water from the
oropharynx into the esophagus.

Each of the two steps may

be carried out by different kinds of mechanisms"
(Heidweiller et al., 1992).

The drinking mechanism of the

pigeon described by Zweers (1982b, 1985) as a "double
suction mechanism for drinking" requires the creation of
two low-pressure areas in the oropharynx.

Although the

existence of these low-pressure areas seems reasonable well
indicated from the radiographic data, the authors
explanation for the mechanism of the production of this
low-pressure is questionable.

The first low-pressure area

is supposed to be produced by the caudal movement of the
free part of the tongue, which acts as a piston.

However,

the free part of the tongue is conical, fitting in the
space provided by the palate and the mandibular rami.

In

order to work as a piston the tongue would have to seal off
the space rostral to it while it is moving caudad.

The

conical tongue, however, does so only while in one
particular position.

In the sandgrouse, the shape of the

tongue and the oropharyngeal cavity is similar to that of
the pigeon and the same discrepancies in the explanation
for a build-up of a low-pressure area would arise.

In a

speculative attempt to relate structural feature to
potential functions, the Rugae palatinae laterales, could
possibly be related to water transport in the rostral part
of the oropharynx in the follwing way.

When the free part

of the tongue is fit between these two ridges, a narrow
horizontal gap remains between the palate and the dorsal

surface of the tongue.
either pushed or drawn.

Through this gap water could be
In order to push water up this gap

against gravity the tongue could move in peristaltic
cycles.

The M. hypglossus rostralis, which pulls the tip

of the flexible free part of the tongue ventrad, could play
a role in this peristaltic movement.

In order to draw

water up this gap, a low-pressure area would have to border
the caudal end of the gap.

Such a second low-pressure area

is invoked in Zweers' double-suction model.

However, this

low-pressure area is supposed to be produced by a caudal
movement of the larynx.

The crucial point here is the

necessary closure of the choanae.

If the choanae cannot be

sealed off, a low-pressure area cannot develop.

Zweers'

assumption that the choanae could be sealed off through the
production of mucus by glands located along the margin of
the choanae seems doubtful at the least.

The following

problems that have not been discussed by that author stand
out:

The mucus produced at the margin of the choanae would

not only have to cover the opening but also withstand the
negative pressure produced by the caudally moving larynx.
After drinking, the mucus would have to be removed from the
choanae immediately in order to allow the bird to resume
breathing through the nostrils.

In the sandgrouse which

are known to be able to drink by suction the choanae is
fairly wide (relatively wider than in the pigeon), and it
would have to be shown that either the amount of mucus

produced is large enough to close off the choanae or that
they use a different mechanism for accomplishing that
purpose.

From the morphological data available for the

sandgrouse it seems the most plausible to assume that the
choanae are sealed off by the larynx.

However, because the

caudally moving larynx in Zweers' model is necessary to
create the low-pressure, other mechanisms would have to be
introduced to accomplish that.

One can speculate whether

the attachment of parts of the M. sternohyoideus to the
floor of the mouth (or to glands along the floor of the
mouth in the pigeon) could increase the size of the pharynx
and thereby create a low-pressure area while at the same
time the larynx remains pushed against the choanae.
Future studies on drinking methods should be directed
towards resolving the problems related to the mechanisms of
sealing off of certain parts of the oropharynx.

The

enourmous improvements in the miniaturization of pressure
gauges promise to provide a new approach in the study of
drinking methods.

With its use it can be established with

certainty if and where low-pressure areas occur.
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FIGURES
Fig. Is

Dorsal view of the head, neck, and cranial part
of the pectoral region of Pterocles namacrua (TM
61732) with the skin and the feather muscles
removed.
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Fig. 2:

Lateral view of the head, neck, and cranial part
of the pectoral region of Pterocles namaaua (TM
61732) with the skin and the feather muscles
removed.
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Fig. 3:

Ventral view of the head, neck, and cranial part
of the pectoral region of Pterocles namaaua (TM
61732) with the skin and the feather muscles
removed.
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Fig. 4

Lateral view of the head and cranial part of the
neck of Pterocles namaaua (TM 61732) with the
skin and the feather muscles removed.
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Fig. 5

Ventral view of the head and cranial part of the
neck of Pterocles namaaua (TM 61732) with the
skin and the feather muscles removed.
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Fig. 6

Dorsal view of the head and cranial part of the
neck of Pterocles namaoua (TM 61732) with the M.
constrictor colli pars cervicalis removed.
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Fig. 7:

Dorsal view of the caudal part of the neck and
cranial part of the pectoral region of Pterocles
namaoua (TM 61732). Modifications since stage
shown in Fig. 1: on the left side, M. constrictor
colli pars cervicalis removed.
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Fig. 8:

Lateral view of the caudal part of the neck and
cranial part of the pectoral region of Pterocles
namaoua (TM 61732). Modifications since stage
shown in Fig. 2 : M . constrictor colli pars
cervicalis removed.
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Fig. 9:

Ventral view of the caudal part of the neck and
cranial part of the pectoral region of Pterocles
namacma (TM 61732). Modifications since stage
shown in Fig. 3: on the left side, M. constrictor
colli pars cervicalis.
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Fig. 10:

Lateral view of the head, neck, and cranial part
of the pectoral region of Pterocles namacrua (TM
61732) with skin, feather muscles, and M.
constrictor colli pars cervicalis removed.
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Fig. 11:

Ventral view of the head and cranial part of the
neck of Pterocles namacrua (TM 61732) .
Modifications since stage shown in Fig. 5: on
both sides, M. constrictor colli pars cervicalis
removed; superficial connective tissue in
intermandibular region removed; on the left side,
deeper connective tissue layer removed; bony
structures stippled.
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Fig. 12:

Lateral view of the head and cranial part of the
neck of Pterocles namaaua (TM 61732).
Modifications since stage shown in Fig. 4: M.
constrictor colli pars cervicalis and connective
tissue layers removed; also external ear canal
with surrounding tissue mostly removed; bony
structures stippled.
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Fig. 13:

Dorsal view of the lingual apparatus and the
floor of the mouth of Pterocles namaaua (TM
61732) after isolation from the mandible and
head. On the right side, only Tunica mucosa
removed from the preglottal part of the tongue
and the laryngeal mound to show individual
secretory units of Gl. mandibularis caudalis and
Gl. cricoarytenoidea; Tunica mucosa and Tunica
submucosa removed from the free part of the
tongue, caudal part of paralingual floor, and
floor of the esophagus. On the left side,
connective tissue sheet surrounding the hyoid
horn removed, and floor of the mouth stretched
laterally.
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Fig. 14:

Ventral view of the lingual apparatus and the
floor of the mouth of Pterocles namacrua (TM
61732) after isolation from the mandible and
head. On both sides, M. intermandibularis and M.
constrictor colli pars intermandibularis removed;
on the left side, connective tissue layer removed
where it overlies M. genioglossus, and connective
tissue sheet surrounding the hyoid horn removed;
on the right side, M. serpihyoideus and deeper
connective tissue layers removed.
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Fig. 15:

Ventral view of the lingual apparatus and the
floor of the mouth of Pterocles namacrua (TM
61732) after isolation from the mandible and
head. Drawing is a copy of Fig. 14;
Modifications from Fig. 14: on both sides, M.
genioglossus cut where it turns dorsad into the
free part of the tongue; on the left side,
rostral and caudal heads of the M.
branchiomandibularis pulled laterally; on the
right side, Gl. mandibularis rostralis removed to
show its ducts penetrating the epithelium of the
mouth; only outline of M. sternohyoideus and M.
branchiomandibularis shown.
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Fig. 16:

Ventral view of the lingual apparatus and the
floor of the mouth of Pterocles namacrua (TM
61732) after isolation from the mandible and
head. Drawing is a copy of Fig. 14;
Modifications from Fig. 16: on the left side, Gl.
mandibularis rostralis and M. serpihyoideus
removed; on the right side, M. stylohyoideus
partly removed.
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Fig. 17:

Dorsal view of left hyoid horn of Pterocles
namacrua (TM 61732) . Connective tissue sheet
surrounding hyoid horn, and M.
branchiomandibularis caudalis removed. Cut edge
of mouth lining pushed medially as compared to
Fig. 13.
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Fig. 18:

Dorsal view of the mandible and rhamphotheca of
Pterocles namaaua (TM 61732) with muscle
attachment sites.
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Fig. 19:

Medial view of the right mandibular ramus of
Pterocles namaoua (TM 61732) with muscle
attachment sites.
(Cut surface of mandibular
symphysis constructed).
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Fig. 20:

Lateral view of the left mandibular ramus of
Pterocles namaoua (TM 61732) with muscle
attachment sites.
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Fig. 21:

Dorsal and slightly lateral view of the lingual
apparatus and floor of the mouth of Pterocles
namacma (TM 61732). Similar to Fig. 13, but the
tongue has been pushed dorsally and to the right
side, and its tip is slightly twisted so that the
underside is partly visible. On the left side,
the glandular orifices are shown, and the
sublingual and paralingual floor is stretched out
laterally.
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Fig. 22:

Lateral view of the free part of the tongue, part
of the preglottal part of the tongue, and part of
the floor of the mouth of Pterocles namaqua
(TM
61732). The free part of the tongue has been
lifted off the sublingual floor, a) Stippled
drawing to show surface relief, b) Glandular
orifices shown.
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Fig. 23:

Ventral view of the roof of the mouth of
Pterocles namaqua
(TM 61732). The lining of the
mouth has been cut where it turns ventrally to
form the vertical walls of the mouth. Glandular
orifices are not shown.
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Fig. 24:

Dorsal view of the left Gl. mandibularis
rostralis of Pterocles namacrua (TM 61732) . The
very short ducts were cut close to the orifices,
but shape and size may not correspond exactly to
that of the orifices on the surface in Fig. 21.
Broken lines indicate damaged borders.
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Fig. 25:

Dorsal view of the lingual apparatus and the
floor of the mouth of Pterocles namacrua (TM
61732) after isolation from the mandible and
head. Modifications since stage shown in Fig.
13: On the left side, Tunica mucosa and Tunica
submucosa removed; M. branchiomandibularis
caudalis removed; Gl. mandibularis caudalis and
rostral part of Gl. cricoarytenoidea removed; M.
branchiomandibularis rostralis and M.
stylohyoideus pulled laterally; outlines of
structures covered by connective tissue shown in
broken lines. On the right side, M.
branchiomandibularis rostralis et caudalis
removed; longitudinal and circular muscle layers
of esophagus and underlying connective tissue
removed to show M. sternohyoideus in dorsal view;
Gl. lingualis rostralis, Gl. lingualis caudalis
and Gl. cricoarytenoidea removed; lateral slip of
M. sternohyoideus cut and removed close to its
insertion. Bone and cartilage stippled.
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Fig. 26:

Sketch of a lateral view of the head and cranial
part of the neck of Pterocles namaqua (TM 61732)
after removal of the lingual apparatus to show
the relative position of the hyoid horns to the
deeper neck structures.
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Fig. 27:

Ventral view of the lingual apparatus and the
floor of the mouth of Pterocles namaaua (TM
61732) after isolation from the mandible and
head. Modifications from stage shown in Fig. 16:
On both sides, epithelium of mouth removed. On
the left side, M. serpihyoideus, M.
branchiomandibularis caudalis, lateral part of M.
stylohyoideus, and Gl. mandibularis rostralis
removed; part of lateral slip of M.
sternohyoideus removed. On the right side, M.
branchiomandibularis rostralis et caudalis,
lateral slip of M. sternohyoideus, caudal part of
medial slip of M. sternohyoideus, part of M.
genioglossus, Gl. lingualis rostralis, and
connective tissue removed.
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Fig. 28:

Dorsal view of the lingual apparatus and larynx
of Pterocles namaoua (TM 61732). Modifications
since stage shown in Fig. 25: Lingual apparatus:
all muscles removed but inserting slips of M.
stylohyoideus, M. cricohyoideus and M.
hypoglossus obliquus on left side; muscle
attachment sites indicated. Larynx: larynx
disconnected from lingual apparatus and moved
caudad; on the right side, M. dilator glottidis
removed, rostral and caudal processes of
arytenoid removed, and laterocaudal part of M.
cricohyoideus pulled slightly laterally; on the
left side, medial and rostral parts of Gl.
cricoarytenoidea removed.
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Fig. 29:

Ventral view of the lingual apparatus and larynx
of Pterocles namaqua (TM 61732). Modifications
since stage shown in Fig. 27: Lingual apparatus:
all muscles removed but inserting slips of M.
tracheolateralis, M. stylohyoideus, M.
genioglossus, M. hypoglossus obliquus and M.
hypoglossus rostralis on left side; muscle
attachment sites indicated. Larynx: larynx
disconnected from lingual apparatus and moved
caudad; on the right side, M. tracheolateralis
and medial slip of M. sternohyoideus removed, and
laterocaudal part of M. cricohyoideus pulled
slightly laterally.
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Fig. 30:

Ventral view of Os entoglossum of Pterocles
namacrua (TM 61732).
(Rostral tip broken off).
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Fig. 31:

Lateral view of Os entoglossum of Pterocles
namacrua (TM 61732) . (Rostral tip broken off) .
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Fig. 32:
Fig. 33:

Dorsal view of Os basibranchiale rostrale et
caudale of Pterocles namacrua (TM 61732) .
Lateral view of Os basibranchiale rostrale et
caudale of Pterocles namaqua (TM 61732).
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Fig. 34:

Mediorostroventral view of Os ceratobranchiale
and Os epibranchiale of Pterocles namaoua (TM
61732). Elements have been placed on flat
surface and were drawn from perpendicular to this
surface.
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